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THE ACTION OF ALCOHOLS AND ALDEHYDES ON 
PROTEID SUBSTANCES. By T. LAUDER BRUNTON, 
M.D., F. RS. anp SIDNEY MARTIN, M.D. 


In our experiments, we have tested the effect of the series of liquid 
alcohols on proteid substances, in order to determine whether those 
higher in the scale differed from those lower. It was d priori possible 
that the results obtained might have some bearing on the physiological 
action of the alcohols and aldehydes, 

The solutions of proteid used: were (1) egg-albumin, con- 
taining no globulin, (2) serum-albumin of the sheep, containing a 
trace of serum-globulin, and (3) a mixture of proto- and deutero- 
albumose, prepared from Witte’s Pepton.“ 

The method adopted was to drop the solution of proteid from a 
pipette into six times its bulk of the reagent: thus if 10 c.c. of solution 
were used, it was dropped into 60 c.c. of alcohol or aldehyde; if 5 c.c., it 
was dropped into 30 c.c. 

The action was tested in the following manner :— 

a. It was first noticed whether the reagent precipitated the 
proteid or not. 

8. Whether the precipitate, if it occurred, was rendered insoluble 
after remaining some time under the alcohol or aldehyde. The solu- 
bility after treatment was tested by filtering off the precipitate, allowing 
the reagent to evaporate from the proteid, and testing how far this was 
soluble in distilled water. 

y. Whether any change of colour occurred in the precipitate. 


Action on Egg-albumin. 


PH. XII. 1 


1. Of Alcohols. 

1. Ethyl } Precipitate egg-albumin and coagulate almost completely 

2. Propyl _ in 4 days. : 

3. Methyl Same as above, but coagulation not so complete. 

3 eee Precipitate and coagulate, but to less extent than 
- se0propy 4 da 
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7. Amyl Albumin-solution sinks to bottom of alcohol, becomes 
cloudy in 24 hours, and partially coagulated in 4 days. 
8. Heptyl Albumin solution falls to bottom of alcohol, which does 
. not precipitate nor in any way change it. 
10. Allyl Precipitates egg albumin at once, and coagulates it com- 
pletely in 42 hours. 


The results therefore may be stated as follows: the precipitating 
and coagulating power of the alcohols are in the order mentioned, the 
most active being placed first, with the exception of allyl alcohol which 
is the most powerful of all. It precipitates and coagulates egg - albumin 
completely, within 42 hours. Ethyl, propyl, methyl, isobutyl, iso- 
propyl and tertiary butyl alcohols do not differ greatly in coagulating 
power, while amyl alcohol is a partial coagulater, and heptyl and octyl 
have no effect on egg-albumin. For all practical purposes therefore the 
order of coagulating power of the alcohols on egg-albumin is as follows : 

1. Allyl altohol. 

2. A group containing ethyl, propyl, methyl, isobutyl, isopropyl, 
and tertiary butyl alcohols: which are all active coagulaters, and do not 
differ markedly in their action. 

3. Amyl alcohol: intermediate between the preceding and 
following group. 

4. Group containing heptyl and octyl alcohols. 


2. Of aldehydes. 


1. Acetaldehyde Precipitates egg-albumin white, turns it brown in 
24 hours and causes almost complete coagulation 
at the end of 4 days. 

2. Propyl aldehyde Precipitates: turns it slightly brown, and causes 
nearly complete coagulation at the end of 24 hrs, 

3. Isobutyl aldehyde Partially precipitates at once: completely pre- 
cipitates, without turning proteid brown, in 24 
hours ; albumin being mostly coagulated. 


Acetaldehyde is about equal in coagulating power to ethyl and 
propyl alcohol; the action is, however, evidently quite different since 
aldehyde turns the proteid brown. Propyl aldehyde is about equal in 
coagulating activity to acetaldehyde, while isobutylaldehyde has a 
slower action and does not like the other two aldehydes turn the egy- 
albumin brown. 
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ALCOHOL AND ALDEHYDES ON PROTEIDS. 3 


Action on 


_ Of Alcohols. 
1, 
aor ’ Precipitate and almost completely coagulate serum- 
7 albumin after 233 hours. 
3. Propyl 
4. Isopropyl Precipitates; most of albumin coagulated in 23} 
hours. 


5. Tertiary butyl Precipitates, but after 233 hours standing, most of 
precipitate is soluble in water and coagulable by 
heat. 

6. Isobutyl Do not coagulate, Isobutyl and amyl alcohol makes 
7. Amyl ö the solution of albumin cloudy, isobutyl to a greater 
extent than amyl. Heptyl er has no effect 
8. Heptyl whatever. 


As regards this action on serum-albumin these alcohols may be 
arranged in the following order; the most active being placed first. 
1. A group containing methyl, ethyl and propyl alcohols. 
2. Isopropyl alcohol: almost as active as those of preceding 
group. 
3. Tertiary butyl alcohol. 
4. Isobutyl, amyl, and heptyl alcohols, the last having no effect 
whatever on serum-albumin. 


Of Aldehydes. 
Acetaldehyde Do not precipitate or coagulate serum-albumin. 
Propyl aldehyde Aldehyde and propyl aldehyde turn the solution 


f albumin brown: isobutyl aldehyde has 
Isobutyl aldehyde ident 


Action on albumoses—a mixture of proto- and deutero-albumose. 


Cause a precipitate, which is quite soluble after 
42 hours. 


. Tertiary butyl 
6.. Isobutyl Causes a cloudiness in solution. No coagulation. 


1—2 


Of Alcohols. 
1. Methyl! 
2. Ethyl 
4. Isopropyl 4 
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7. Amyl No effect on the albumoses. Does not precipitate. 
8. Heptyl A temperature of 40°C. for 48 hours does not 
a produce any further effect of heptyl alcohol on 
9. Oetyl albumoses: but amy! causes a slight cloudiness. 
10. Allyl Precipitates slowly and renders insoluble in 42 hrs. 


Of these alcohols, then, allyl is the only one that renders the 
albumoses insoluble. 

The group of methyl, ethyl, propyl, isopropyl, and tertiary butyl 
alcohols precipitate the albumoses without coagulating them. Isobutyl 


alcohol partially precipitates, while amyl, heptyl and octyl alcohols have 
no action whatever. 


Of Aldehydes. No precipitation 1 


Acetaldehyde Turns albumose solution brown in 19 hours. 


Propyl aldehyde ; 


Placed in the incubator at 40°C. for 48 hours no further change is 
observed. 


Remarks on the results obtained. The general result obtained as to 
the effect of alcohols on proteids is that the higher alcohols in the series 
have a less powerful action in precipitating and coagulating proteids 
than the lower ones. Allyl alcohol is an exception. It is a powerful 


coagulant of egg-albumin and is the only alcohol which coagulates 
albumoses. 


{ 
Isobutyl aldehyde on of albumoses. 


PHYSIOLOGY OF THE COMMUNICATING BRANCH 
BETWEEN THE SUPERIOR AND THE INFERIOR 
LARYNGEAL NERVES. By W. H. HOWELL, Ph. D., M., 
Professor of Physiology and Histology, anv G. C. HUBER, M. D., 
Instructor in Histology, University of Michigan. 


Ir has been known for a long time that a communicating branch 
exists between the superior and the inferior laryngeal nerves. In man 

this branch is described by Henle, Cruveilhier, Quain, et al., though 

it is said to be small and variable. It is found also in the dog, cat and 

rabbit, and probably is present generally among the Mammalia. In the 

dog it is especially large, forming a good-sized nerve which leaves the 

superior laryngeal as it pierces the thyro-hyoid membrane, and then 

passes beneath the wing of the thyroid cartilage to join the inferior 

laryngeal at the lower level of the larynx. The prominence of this nerve 
in the dog induced the writers to attempt to determine the origin and 

the physiological character of the fibres contained in it. It may be said 

that they were led to take up the investigation in the first place upon 

the supposition that in it might be found afferent fibres (depressor) 
from the heart, coming up through the inferior laryngeal instead of 
the vagus. The experiments soon proved, however, that this is not the 
case, and that the communicating branch as far as we could discover 
carries no cardiac fibres. 

It is a comparatively easy operation to cut through the wing of the 
thyroid cartilage on either side and expose the communicating branch 
throughout its entire length. This was done in a number of dogs, the 
animals being narcotized by a hypodermic injection of 3? grammes of 
morphia sulphate. In most cases the operation was performed upon 
the left side. The nerve was raised by means of a silk ligature, cut, 
and the central end stimulated by induction shocks from a Du Bois 
Reymond coil. Usually catheter electrodes were employed and 
applied directly to the nerve, but in some cases, to avoid the suspicion 
of an escape of current to the superior laryngeal, the unipolar method 
was used, the indifferent electrode being applied to the chest. The 
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results of stimulation were the same whichever method was used. The 
general results were a rise of blood pressure and an inhibition either 
partial or complete of the respiratory movements for a certain time. 
The respirations were either very much weakened or completely in- 
hibited in the, phase of passive expiration. In either case it was 
impossible to keep the respiratory centre inhibited by continuous 
stimulation. After a short time, as in the case of the superior laryngeal 
nerve, respiratory movements again began. The blood pressure was 
taken from the femoral or the carotid artery, and the respirations 
were recorded by means of a tambour connected with the trachea, or 
by applying a Verdin’s pneumograph directly to the chest wall. 

The rise of blood pressure was usually more marked or was obtained 


-with more certainty after both vagi had been cut. The explanation 


seems to be that stimulation of the central end of the communicating 
branch caused also a partial reflex inhibition of the heart, in some cases 
at least, which tended to lower the blood pressure. 

The conclusion to be drawn from these experiments is that the 
communicating branch contains sensory, i.e., afferent fibres. What is 
the distribution of these fibres? The inferior laryngeal after union 
with the communicating branch gives off a number of small branches to 
the trachea, and the esophagus. One might conclude upon anatomical 
grounds alone, that these, or some of them, contain sensory fibres which 
pass to the brain through the communicating branch and superior 
laryngeal. In perhaps half of the dogs dissected the small branches 
from the trachea and the esophagus united to form a common branch, 
or rather the inferior laryngeal in the middle of the neck split into two 
trunks of unequal size, and the smaller of these received all the 
branches from the trachea and oesophagus, was in fact made up chiefly 
from these branches. This arrangement of the nerve is shown in the 
accompanying cut in which the nerve in question is designated as, 
S. B., the sensory branch. When this nerve was divided and the 
central (laryngeal) end stimulated, the same results were obtained as 
in stimulation of the communicating branch, though generally the 
effect was less marked. In those dogs in which this nerve did not 
exist, the tracheal and csophageal branches passing directly into the 
inferior laryngeal, stimulation of the peripheral (laryngeal) end of the 
divided recurrent was much less certain in its results. In some cases 
no effect was obtained, in others the same effect as in stimulation of the 
communicating branch. Stimulation of the central (the lower) end of 
the divided recurrent never, in the dog, gave us any effect at all either 
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LARYNGEAL NERVES. 


upon the respirations or the blood-pressure. The branches from the 
trachea and the esophagus then contain afferent fibres which pass 


Diagram showing the Communicating Branch between the Superior and Inferior 
Laryngeal Nerves in the Dog. r. the pneumogastric. s.t. the superior laryngeal. 
c. the communicating branch. e. sensory fibres from the wsophagus, 8. B. the 
common sensory branch, not always present. 11, 1 L“, 1“, the inferior laryngeal. 


into the inferior laryngeal, and thence upward through the communi- 
cating branch and superior laryngeal. The fibres from the esophagus 
appear to have no action upon the respiratory movements, but, when 
stimulated, cause a rise of blood pressure, and are therefore probably 
ordinary sensory fibres. Those from the trachea on the other hand 
have a specific influence upon the respiratory centre. These latter 
fibres must end in the mucous membrane of the trachea, and we found 
that in some cases direct electrical stimulation of the tracheal mucous 
membrane gave us a reflex effect upon the respiratory movements. 

But our most successful experiments of this kind were made with 
chemical stimuli. In these experiments it was essential that the 
mucous membrane should not be injured in any way before applying 


7 
* 
8 
* 
8 
— P 
cB... 
a 
$B. 
Z | 
4 


8 W. H. HOWELL AND G. C. HUDER. 


the stimulus. For this purpose a wide glass tube was taken which was 
closed at one end by a rubber diaphragm, while in the other end a 
stopper was fitted carrying two tubes, one going to a tambour, the 
other to a moist chamber. The trachea was cut through carefully just 
below the larynx so as to avoid injury to the inferior laryngeals, and 
the cut end of the trachea was slipped through a hole in the rubber 


| diaphragm of the glass box just described. In this way the animal 


_ breathed moist air directly into the trachea and no mechanical injury 
was done to the mucous membrane such as would have happened if an 
ordinary tracheal cannula had been inserted and ligated. After taking 
a number of normal respirations, a bottle containing strong ammonia 
was connected with the trachea. In a few seconds the respiratory 
movements became slower and weaker to a very marked extent, 
showing a tendency to come to a standstill in the position of passive 
expiration. 

Knoll’ records a number of similar experiments made upon rabbits 
in which the animals were made to breathe the vapor of ammonia, of 
chloroform, of benzene, etc. With strong ammonia he got either 
expiratory standstill or violent inspirations due to simultaneous stimu- 
lation of inspiratory and expiratory fibres. Section of the inferior 
laryngeals low in the neck did not interfere with these results, but 
section of the two vagi at once prevented the effect from coming out. 
Whence he concluded that the ammonia vapor stimulated sensory fibres 
of the vagus down in the bronchi and air cells of the lungs. 

This is not true for the dog. In our experiments strong ammonia 
vapor breathed into the trachea caused an inhibition of the respiratory 
movements even after section of both vagi, though the effect was not 
so decided as when the vagi were intact, thus supporting the conclusion 
of Knoll with reference to afferent fibres from the bronchi of the lungs. 
Section of the inferior laryngeals at the point where the communicating 
branch is given off, after previous section of the vagi, prevented the 
ammonia vapor from having the slightest effect, since by this operation 
the sensory paths from the trachea were interrupted. The inhalation 
of strong ammonia vapor quickly causes acute congestion and hemor- 
rhage in the bronchi, so that a series of experiments of this kind can not 
be made with safety upon a single dog, each point must be determined 
upon a new animal. 

Longet“ states that in the dog several drops of water let fall into 


1 Siteungsberichte d. Kais. Akad. d. Wissenchaften, Abth. 3, S. 245. 
2 Systeme Nerveur, 2, 289. 
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the trachea will cause convulsive movements, whereas if the vagi have 
been previously cut, even strong acids have no effect. The conclusion 
to be drawn from this statement is erroneous as shown by the 
experiments just described. Longet believed that the trachea was 
supplied with sensory fibres from the inferior laryngeal, but supposed 
that these fibres passed to the vagus along with the motor fibres, 
instead of taking their course through the communicating branch and 
superior laryngeal. — 

In order to obtain histological proof that the fibres of the communi- 
cating branch have their peripheral origin in the trachea and cesophagus 
the method of secondary degeneration was employed. The communi- 
cating branch was cut on each side in a dog and a piece about half an 
inch long removed. The animal was kept for ten weeks. He bore the 
operation well, the wound healed quickly, and as far as could be de- 
termined no inconvenience to the dog resulted from the operation. 
Post mortem examination showed that the section of the nerve was 
complete, and that the cut ends had not united. The dog proved to 
be one having the common sensory branch from the trachea aud 
cesophagus such as is represented in the diagram. Various portions of 
the nerve were hardened in Miiller’s solution, cut and stained. All the 
fibres in the communicating branch had degenerated. In the inferior 
laryngeal just below the junction with the communicating branch there 
were a number of degenerated fibres mixed in with the large medullated 
(motor) fibres belonging properly to that nerve, and which had suffered 
no change. In the common sensory branch supplying the trachea and 
cesophagus almost all the fibres had degenerated, while in the other 
division of the inferior laryngeal (see cut J’ IL) there was no degene- 
ration. 

The histological results then bear out the physiological experiments. 
In the dog at least, the communicating branch must be looked 
upon as a sensory branch of the superior laryngeal distri- 
buted to the trachea (and esophagus), though in part of its 
course it happens to be fused with the inferior laryngeal. 
The fibres distributed to the trachea seem to have the same physio- 
logical value as the other fibres of the superior laryngeal which end in 
the larynx. | 

With reference to the secondary degeneration in the nerve after 
section of the communicating branch it is proper to mention that our 
work supplements some previous experiments of Philipeaux and 
Vulpian.“ These investigators cut the inferior laryngeal in the middle 
1 Archives de Physiol, 1869, Tome 11, p. 666. 
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of the neck and kept the dogs for fifteen or twenty days after the 
operation. They found that the communicating branch did not contain 
a single degenerated fibre, showing that its fibres belong to the superior 
laryngeal nerve. In the animal which we kept for ten weeks after 
section of the communicating branch it is worth noting that no atrophy 
nor pathological changes of any character were found in the mucous 
membrane of the trachea. It would seem from this that no trophic 
fibres are distributed to this membrane, and that the sensory fibres 
going to it exercise no trophic influence. oe 

The existence of trophic fibres in sensory nerves, or the trophic 
influence of sensory fibres is, as everyone knows, a matter in dispute. 
In most cases the destruction of a sensory nerve, e.g. the trigeminal, is 
followed by pathological changes in the parts supplied by the nerve. 
But there is no way of deciding whether this is the direct result of the 
removal of trophic influences, or whether it is an indirect result of the 
local anaesthesia and consequent inability to protect the part from 
injury. It has been difficult to select a nerve for experiment such that 
the results of the operation should not be complicated by this possi- 
bility of a two-fold explanation. But in the case of the trachea we 
have a sensory nerve supplying a part which is not liable to injury in 
consequence of local anzsthesia, inasmuch as the entrance of foreign 
material into the windpipe from above is under ordinary circumstances 
sufficiently guarded against by the sensory nerves of the larynx. It is 
significant therefore that in this instance the destruction of the sensory 
fibres was not followed by any trophic disturbances. 

Our experiments were made chiefly upon the dog for reasons 
already given. To judge from a single experiment upon a cat the 
anatomy and physiology of the communicating branch in this animal is 
the same as in the dog. In the rabbit, on the contrary, the arrange- 
ment seems to be different. Stimulation of the communicating branch 
in this animal, or of the peripheral (laryngeal) end of the divided 
recurrent had no effect on the respiratory movements—while stimula- 
tion of the central (the lower) end of the same nerve caused a marked 
change in the respiratory movements, either in the way of inhibition 
or of augmentation. Apparently in this animal the respiratory fibres 
of the trachea after entering the inferior laryngeal pass downward with 
it to reach the vagus instead of passing upward through the communi- 
cating branch. 

Both Burkart! and Rosenthal“ have made similar experiments 

1 Archiv f. d. ges. Physiol. 1. 107. 
* Bemerkungen uber die Thitigkeit der automatischen Nervencentra, Erlangen, 1875. 
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upon the inferior laryngeal nerve in the rabbit with like results. 
Rosenthal found moreover that in dogs and cats stimulation of the 
central (the lower) end of the divided recurrent had no éffect at all 
upon the respirations, and in this point also his experiments are 
corroborated by our results. But it is not permissible to infer from 
this alone, as Rosenthal seems to have done, that the tracheal 
membrane in the dog and cat is not supplied with sensory fibres. In 
these animals as we have seen the afferent fibres from the trachea pass 
upward through the communicating branch. If Rosenthal had stimu- 
lated the peripheral (laryngeal) énd of the divided recurrent, certainly 
if he had isolated and stimulated the communicating branch, he would 
have obtained the distinct inhibitory or expiratory effect upon the 
respirations which we have described. In many cases the effect was 
as marked as in stimulation of the superior laryngeal nerve itself. 
That there was no escape of current to this nerve in our experiments 
seems to be assured by the weak stimuli used, by the effect of unipolar 
stimulation, and by the fact that in the rabbit when there was the same 
possibility of an escape, no effect upon the respiratory movements was 
obtained, 
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THE RELATIVE FORMATION OF PRO TEOSES AND 
PEPTONES IN GASTRIC DIGESTION. By R. H. 
CHITTENDEN, Professor of Physwological Chemistry, AND 
J. A. E Assistant in Physiological Chemistry. 


(Contributions from the Sheffield Biological Laboratory 
of Yale University.) | 


In the digestion of proteid matter by pepsin-hydrochloric acid there 
are three well-defined products or classes of products, viz. acid-albumin 
or syntonin, albumoses or proteoses, and peptones. We look upon the 
first as the initial product of gastric digestion and identify it by its well- 
known precipitation by neutralization. In the filtrate, the albumoses 
can be detected by saturation of the fluid with sodium chloride and 
addition of acetic acid, or best by saturation with ammonium sulphate, 
while the true peptones (amphopeptone) are found in the filtrate from 
the latter precipitate, after dilution with water, by testing with cupric 
sulphate and potassium hydroxide’. True peptones are bodies not pre- 
cipitated by saturation with ammonium sulphate, and are the final 
products of pepsin digestion. * 

Since the discovery of the albumoses and of their characteristics“, 
frequent study of digestive mixtures has given convineing proof that in 
an ordinary gastric digestion of any common proteid only a compara- 
tively small amount of peptone is formed’; peptonization in the true 
sense of the word results only from the long-continued action of pepsin- 
acid, and even then complete peptonization rarely if ever occurs. The 
albumoses or, in a broader sense, the proteoses, are to be considered as 
the primary products of gastric digestion, while peptones are the end 
products of proteolytic action, the latter being formed by the gradual 


1 Taking great care to add sufficient potassium hydroxide to decompose all of the 
ammonium salt present. 

* Kühne and Chittenden, Zeitschrift fiir Biologie, Bd. xx. p. 11. 

See Zeitschrift fiir Biologie, Vols. 22—26 ; also Studies from the Laboratory of Physio- 
logical Chemistry of Yale University, Vols. 1.—m. 
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hydration of the primary products; the change, however, according to 
our view, being a very gradual one. Obviously then, what we have 
often termed peptone in the past has been in reality proteose, or at the 
most a mixture of one or more proteoses and peptone. 

With these thoughts in mind it has been the object in the experi- 
ments about to be described to obtain some positive data regarding the 
relative formation of albumoses and peptone in artificial gastric digestion, 
especially in view of the fact that certain observers claim that pep- 
tonization may result from a direct change of acid-albumin and that 
“ propeptone” or albumose is not a necessary antecedent of peptone, or 
that, if so, it is quickly converted into peptone. Boas“ even goes so 
far as to say that peptone alone is to be looked on as the product of 
the action of pepsin and acid, that acid-albumin and propeptone are 
simply bye products resulting from the action of acid alone, and that 
where active gastric juice is present there peptone only will be found 
as the final end product. 

Obviously, we must first decide what we understand by the word 
peptone. All physiologists are presumably agreed that peptone is the 
final product of gastric digestion, but many still persist in applying 
the term to any or all products of gastric digestion not precipitable by 
neutralization, or on addition of acetic acid and saturated solution of 
sodium chloride. The latter test, however, will not show the presence 
even of deuteroalbumose, and will only incompletely precipitate proto 
and heteroalbumose unless the salt is present to saturation. The only 
certain method of separating the primary products of digestion from 
peptone is to saturate the neutral digestive fluid with ammonium 
sulphate, while hot, and even then it is sometimes difficult to remove 
the last trace of deuteroalbumose. A negative reaction therefore with 
acetic acid and saturated salt solution is no proof whatever of the 
absence of proteoses. Again, some physiologists claim that peptones 
are precipitated by saturation with ammonium sulphate and that con- 
sequently this reaction is void of significance. To this there are two 
answers; first, if so the precipitation is very incomplete, since in a 
vigorous gastric digestion the filtrate from the ammonium sulphate 
precipitate gives a strong biuret reaction; secondly, the ammonium 
sulphate precipitate (after dialysis of the ammonium salt) if redigested 
with a fresh gastric juice is so changed that only a portion of it is 
reprecipitated on again saturating the fluid with the ammonium salt, 


1 Jahresbericht fur Thierchemie fur 1887, p. 264. 
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and moreover the composition of the substance is likewise changed in 
conformity with the theory of further hydration. If then we under- 
stand peptone to be the final product of peptic action, we must admit 
that the substance precipitated by ammonium sulphate is an inter- 
mediate body capable of further conversion, in part at least, into true 
peptone. 

Previous study of the individual proteoses formed in the gastric 
digestion of albumin, fibrin, globulin, myosin, casein and other proteids 
has seemingly already shown that these so-called preliminary bodies are 
the main products of the digestive action of pepsin, where the ferment 
is of moderate strength aud the period of digestion not too long, say 
12—24 hours, and that peptone only results from the further change 
of these antecedent bodies. Without doubt, the amount of true pep- 
tone may be greatly increased by increasing the strength of the pepsin 
solution, ete., but according to our view under no ordinary circumstances 
can an artificial pepsin digestion be so conducted as to have the prote- 
oses give place entirely to peptone. There will invariably be found a 
residual quantity of proteoses, precipitable by saturation with ammo- 
nium sulphate. 

In the present experiments, therefore, we have endeavoured to so 
arrange the conditions that a fair test of this theory could be made. 
The pepsin solutions employed were of great strength as well as purity 
and the digestions in many cases were continued for periods as long as 
six days. At the end of the specified time, the amounts of neutraliza- 
tion precipitate and proteoses were determined by as exact quantitative 
methods as possible, the values for peptone being obtained by difference. 
In this way, under conditions most favourable for vigorous ferment ac- 
tion we have endeavored to prove the accuracy of our views. 

The proteid matter first employed was coagulated egg-albumin, 
prepared by boiling eggs in the shell for ten minutes, separating the 
albumin and chopping it fine. Later, blood fibrin and various other 
proteoses were likewise experimented with. The pepsin solutions were 
variously prepared, the strength of acid being 0°2 and 0°4 per cent. HCL. 
In every case the digestive strength of the pepsin-acid solution was 
determined by preliminary experiment. 


Analytical Methods. 


At the end of the specified time the digestions were interrupted 
by neutralization of the acid with a standard solution of sodium car- 
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bonate, the mixture warmed gently and the neutralization precipitate 
collected on a dried and weighed filter. After being washed with hot 
water until the washings gave no reaction with silver nitrate, the pre- 
cipitate was finally washed with alcohol and dried at 110°C. until of 
constant weight. | 

The filtrate and washings containing the proteoses and peptone were 
concentrated to a small volume, made slightly acid with acetic acid, 
_ and then while hot carefully saturated with pure ammonium sulphate. 
In this operation care was exercised not to add an excess of the ammo- 
nium salt, but just enough to completely saturate the fluid. Finally, 
the completely saturated fluid was heated almost to boiling and when a 
film of the ammonium salt appeared on the surface of the fluid and the 
proteoses were collected together in a solid gummy mass, the hot fluid 
containing the peptone was quickly decanted, while the proteoses usually 
adhered tenaciously to the walls of the vessel. In some cases, however, 
it was found necessary to collect the precipitate on a filter, using a hot 
water funnel. The precipitated albumoses were then washed several 
times with a hot saturated solution of ammonium sulphate for the 
complete removal of the peptone. Owing to the gummy character of 
the proteose precipitate this could be accomplished only by thoroughly 
kneading the mass with the hot or even boiling sulphate solution. 
The washed precipitate was next dissolved in a little hot water and the 
solution carefully rinsed into a small weighed capsule, in which it was 
evaporated to dryness on a water-bath and then dried at 119°C. until of 
constant weight. The ammonium sulphate contained in the proteoses 
was next determined. This was accomplished by dissolving the dried 
mass in considerable water, filtering from any undissolved matter, adding 
a drop or two of hydrochloric acid and precipitating the sulphuric acid 
with barium chloride from a hot dilute fluid after the ordinary method’. 
From the weight of barium sulphate so obtained the ammonium sul- 
phate was calculated“, and the weight deducted from the weight of the 
proteose precipitate. Duplicate trials of this method of determining 
the proteoses gave closely agreeing results, thus indicating its accuracy. 
Deducting the combined weight of the proteose and neutralization 
precipitate from the weight of the dry proteid used in the digestion 


1 Generally it was found advantageous to dilute the solution up to some given volume 
and to use only a fraction, say one-fifth, for the determination of 80, This method 
likewise enabled us to verify the result by duplicate determinations. 

2 The ammonium sulphate employed in these separations was a pure, well crystallized 
salt and contained the theoretical amount of sulphuric acid, as shown by analysis. 


1 
* 
4 
i 
Z 
. 


16 R. H. CHITTENDEN AND J. A. HARTWELL. 


gives the amount of true peptone formed, and probably with greater 
accuracy than any direct method of determination at present known. 
One other point needs to be noticed in this description of the method 
employed; ,yiz. the occasional error introduced by the proteoses con- 
tained in the pepsin solution. In some cases this error was so small 
as to hardly need consideration, but we always recognized its possibility 
and obviated it by running a blank experiment with the pepsin and acid 
alone. That is to say, the same volume of pepsin-acid solution as used 
in the digestion was warmed at 40°C. for the same length of time as the 
digestive mixture itself and the proteoses, peptone, and neutralization 
precipitate determined and correction made accordingly. 


First Experiment. 


In this experiment 0-6 gram of a fairly pure dry scale pepsin, purified by 
dialysis, was dissolved in 800 c.c. of 0:2 per cent. hydrochloric acid. To this 
solution 120 grams of finely divided, coagulated egg-albumin were added and 
the mixture warmed at 40°C. in a closed flask. This quantity of pepsin and 
acid was capable of dissolving twelve times the amount of egg-albumin used, 
as shown by a trial experiment. 

Solution of the proteid matter occurred within a few hours, but the first 
fraction of the fluid was not drawn off for analysis until the 42nd hour, the 
second fraction at the 69th hour, the third fraction at the 91st hour, while 
the last fraction was kept at 40°C. for 142 hours. Each fraction was the 
same in volume, and inasmuch as all of the albumin was dissolved before the 
first fraction was withdrawn, each portion contained the same amount of 
dissolved proteid or its products. Obviously, regard was had to the increase 
in the total volume of the digestive fluid from the 120 grams of albumin 
added. 

The weight of dry albumiu corresponding to one-fourth of the coagulated 
albumin, i.e. the amount of dry albumin dissolved in each fraction of fluid 
analyzed, was 3°547 grams’. 

Following are the results obtained, the percentages being calculated on 
the weight of dry albumin used. 


Time. Neutralization precipitate. Proteoses. Peptone. 
— — — — — — * — — — 
42 hours 0225 gram. 6°34°/, 2'268 grams. 63-94% 29˙72 % 
69 „ 0-174 „ 490 „ 2262 „ 63˙77 „ 31°33 „ 
91 „ 0165 , 465, 2962 „ 6151, 33.84 
142 „ 0-144 „ 405,, 1882 „ 53-05,, 42-90 „ 


1 The amount of dry proteid in each lot of coagulated albumin or fibrin employed was 
determined by drying a sample at 110°C. until of constant weight. 
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Ssconp 


08 gram of a pure pepsin was dissolved in 800c.c. of 0-4 per cent. 
hydrochloric acid and 120 grams of finely divided coagulated egg-albumin 
added. The mixture was warmed at 40°C. in a closed flask and the first 
fraction of one-fourth withdrawn at the end of 72 hours. Solution of the 
albumin occurred very quickly. Experiment showed that the above 
quantity of pepsin and acid was capable of dissolving 1600 grams of 


coagulated albumin. The amount of dry albumin equivalent to 30 grams 
of the coagulated albumin used was 3°880 grams. 


Following are the results obtained ; 
Time. Neutralization precipitate. Proteoses. Peptone. 
72 hours 0-104 gram. 2°68°/, 2549 grams. 65°70°/, 31°62 °/, 
oC, 0083 „ 214,, 2143 „ 55-23,, 42°63 ,, 
120 „ „ 2154 „ 42˙48 „ 


1 0-072 „ 185, 2050 „ 5299, 45:16,, 


THirp EXPERIMENT. 


In this experiment, 150 grams of coagulated egg-albumin were added to 
an artificial gastric juice prepared by dissolving 1-0 gram of a very active 
pepsin in 1 litre of 0-2 per cent. hydrochloric acid and the mixture placed 
in a bath at 40°C. In less than two hours the entire amount of albumin 
was dissolved. The first fraction of fluid was withdrawn at the end of 6 
hours, the second fraction at the end of 22 hours, the third fraction at the 
end of 28 hours, and the fourth and fifth fractions at the end of 118 hours. 
The fifth fraction differed from its companion in containing an additional 
amount of pepsin and acid. As is evident from the description, each 
fraction of the digestive fluid contained 0-2 gram of dry pepsin and 200 c.c. 
of 0-2 per cent. hydrochloric acid. The fifth fraction, however, at the end 
of 47 hours, had added to it 0-1 gram more pepsin and 200 c.c. more 0-2 
per cent. hydrochloric acid. The fluid was then continued at 40°C., by the 
side of the fourth fraction, for 118 hours, differing from its companion 
simply in containing an additional quantity of pepsin and acid. 

The amount of dry proteid (at 110°C.) equivalent to the coagulated 
albumin dissolved in each fraction was 3°854 grams. The results obtained 
are shown in the following table ; 


PH. XII. 2 
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Time. Neutralization precipitate. Proteoses. Peptone. 
— =~, 
6hours 02750 gram. 7:1 °/, 


26926 grams. 69°8°/,  23:1°/, 


22 „ 01328 „ 24946 „ 629,  336,, 

„ , 383, 237381 „ 617, 2849, 

;,, 00064 „ O1, 19388 „ 503, 496,, 

118˙ „ 0007s „ O2, 17308 „ 449, Ä 549, 
In this experiment, as in the two preceding ones, the results give 
plain evidence of a slow and gradual formation of peptone; or in other 
N words of a slow and gradual conversion of the first- formed proteoses 
8 into a body or bodies not precipitable by ammonium sulphate. It is 
furthermore evident that this slow formation of peptone is not due to 


lack of pepsin or acid, since the last fraction of digestive fluid in the 
above experiment had a large addition of both dilute acid and pepsin 
and was exposed to this increased proteolytic action at 40°C. for 71 
hours and yet only 5 per cent. more peptone was formed. Obviously, 
there must be some other reason for this slow conversion of proteoses 
into peptone. 


FourtH 


This experiment was much like the preceding, only acid of 0-4 per cent. 
strength was employed instead of the weaker 0-2 per cent. 150 grams of 
coagulated white of egg were placed in 1500 c.c. of 0-4 per cent. hydro- 
chloric acid, to which 10 gram of a pure scale pepsin had been added. The 
pepsin was of such strength that one part would dissolve 3600 parts of 
coagulated egg-albumin. 30 grams of the ,poagulated albumin contained 
35962 grams of dry proteid. 

On placing the mixture at 40°C. the proteid matter was kites dis- 
solved. The fluid was divided into five equal parts, one of which was 
unfortunately lost. 

Following are the results obtained ; 


Time. Neutralization precipitate. Proteoses. Peptone. 


— — — — — * — — — 
47 hours 00701 gram. 1.9% 22111 grams, 36·5 % 
70 „ 00469 „ 13, 18822 „ 525, w 463 
144 „ 00081 „ O2, 17281 , 480, 517,, 


144? ,, 00081 „ 0O2,, 17281 „ „ 51˙8 „ 
1 With more pepsin and acid as described. 


A he 70a 10a moe of per cent to 
this fraction. 


| 
| 
1 
| 


PROTEOSES AND PEPTONES.. 19 


One point to be noticed in this experiment is that the additional 
amount of dilute acid introduced into the last fraction of the digestive 
mixture did not give rise to any increase in the formation of peptone. 
This is important as indicating that the conversion of the proteoses 
into peptone is not necessarily retarded by the presence of the products 
of digestion. Obviously, we cannot assert that the relative formation 
of proteose and peptone by natural digestion in the stomach is the 
same as in the action of artificial gastric juice, where the conditions are 
unavoidably somewhat different. But the fact that dilution of the 
digestive fluid with dilute acid did not give rise to any decided 
increase in the formation of peptone does indicate that in our experi- 
ments the lack of complete peptonization is not due, wholly at least, to 
accumulation of the products of digestion’; a fact which lends favour to 
the view that the chemical changes taking place in an artificial pepsin 
digestion are possibly not different from the changes in natural 
digestion. 

FirtH Experiment. 


The three digestions of this experiment were carried on in separate 
beakers. Each mixture contained 30 grams of freshly coagulated egg- 
albumin, 0-2 gram of the same pepsin as used in the preceding experiment 
and 300 C. c. of 0°4 per cent. hydrochloric acid. Each portion of coagulated 
albumin contained 4-1805 grams of dry proteid. 

Following are the results obtained ; 


Time. Neutralization precipitate. Proteoses. Peptone. 
— —-—V—— — ~ — ~ — — 
48 hours 0°1477 gram. 3°5°/, 2-4546 grams. / 37-7 °/, 
35,, 32644 ,, 346, 417 „ 
408 „ 00852 „ 20 „ 18437 „ 441, 53°8 „ 


In spite of the great length of time the third mixture was warmed at 
40˙ C., viz. 17 days, only 53°8 per cent. of peptone was formed. 


Sixta Experiment. 


In this experiment, the proteid matter employed was blood fibrin, 
thoroughly washed and boiled. As in the preceding experiment, the 
individual digestions were carried on in separate beakers, each mixture 
consisting of 20 grams of boiled fibrin, 300 C. c. of 0-4 per cent. hydrochloric 
acid and 0-2 gram of pepsin. The ferment was capable of dissolving 3600 


1 See A. Sheridan Lea. tly 
Journal of Physiology, Vol. x1. — 
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times its weight of coagulated egg-albumin. In view of the greater solu- 
bility of fibrin in gastric juice the digestions were not continued for so long 
periods as in the preceding experiments. The 10 grams of fibrin employed 
in each digestion contained 6°748 grams of dry proteid. 

Following are the results obtained ; 


Time. Neutralization precipitate. Proteoses. Peptone. 
— — — * — — — ~ — — 

2 hours“ 09507 gram. 140% 50694 grams. 751 / 108% 
03094 4°5 „ 47077 „ 69-7 „ 25°6 „ 
0·2839 „ „ 42036 „ 62˙2 „ 33°5 „ 


SEVENTH EXPERIMENT. 


The proteid matter used in this experiment was blood fibrin, which had 
deen thoroughly washed with cold water, boiled with water and then soaked 
for some months in alcohol. Prior to being digested it was again boiled with 
water to remove all traces of alcohol. The pepsin solution employed, was 
prepared by dissolving scrapings from the mucous membrane of a pig’s . 
stomach in 0 4 per cent. hydrochloric acid, purifying the solution by dialysis, 
etc., and finally bringing the acidity up to 0˙2 per cent. Each digestive 
mixture contained 10 grams of the moist fibrin (equal to 3:2733 grams of 
dry proteid) and 200 C. c. of the acid pepsin solution. 

Following are the results obtained ; 


Time. Neutralization precipitate. Proteoses. Peptone. 
— 2 — — ~ — 
25 hours 0°3175 gram. 97 % 13723 grams. 419% 48˙3%¼ 
03565 „ 109,, 09685 „ 29°5 „ 59°5 „ 
65 „ „ 97 „ 09940 „ 30°4 „ 598 „ 


Here, we have the highest percentage of peptone formed that we have 
ever observed in the digestion of a natural proteid; nearly 60 per cent. 
The pepsin solution, however, was very strong and the proteid very easily 
digestible. 


A consideration of the results of these several experiments obtained 
under varying conditions, manifestly leads us to the conclusion that the 
albumoses or proteoses are truly primary products of gastric digestion. 
That proteoses are normal products of the digestive action of both 
pepsin and acid, and not as Boas“ states, of acid alone. Further, 


1 The fibrin was wholly dissolved by the pepsin-acid in less than one hour. 
? Jahresbericht der Thierchemie fur 1887, pp. 263—265. 
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proteoses are the antecedents of the true peptone, but evidently the 
conversion of the proteoses into peptone is a slow and gradual process. 
In no case have we been able to accomplish a digestion of either 
egg-albumin or fibrin without finding a large percentage of proteose in 
the resultant fluid. In this connection it is to be remembered that the 
method used by Boas for the detection of “ propeptone” or albumose in 
his artificial digestions will not show the presence of deuteroalbumose, 
and hence his conclusions on this point are of little value. Further, 
there is no evidence whatever of the formation of peptone directly 
from acid-albumin; on the other hand, all of our results point to 
the formation of peptone from albumoses. Proteoses are to be con- 
sidered therefore as necessary intermediate products in all gastric 
digestions; they are slowly converted into peptone, but under no 
ordinary circumstances will a digestive mixture be found free from 
these intermediate products, when properly tested. On the contrary, 
the percentage amount will be quite large. 

In considering the results tabulated above, it must be remembered 
that the extent of digestive action is not fully measured by the percent- 
age conversion of proteose into peptone. We must keep in mind that 
there are at least three normal proteoses formed in gastric digestion. 
Of these, proto and heteroproteose are first formed; then by further 
proteolytic action these are gradually converted into deuteroproteose, 
from which, by further hydration, peptone is formed. Now since the 
three proteoses are alike precipitated by saturation with ammonium 
sulphate, it follows that in the above results we have no measure for 
the rate of conversion of the primary proteoses into the deutero body, 

Our view concerning the relative formation of these proteoses and 
their conversion into peptone being correct, it follows that under like 
conditions of time, etc. a much larger percentage of peptone will be 
formed from deuteroproteose than from proto or heteroproteose. 

In this connection, experiments were made with pure caseoses 
prepared from pure casein of milk by gastric digestion; likewise with 
pure gluten-caseoses prepared in the digestion of gluten-casein of wheat 
with artificial gastric juice. 

The experiments were conducted after the method already described, 
while the gastric juice employed was a strong solution of pepsin in 0°4 
per cent. hydrochloric acid. The conditions and results are shown in 
the following table ; 
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Time. Neutralization precipitate. Proteoses. Peptone. 

Heterocaseose, 35972 grams’. 

94 hours 0°0357 gram. 0°9°/, 30179 grams. 83-9°/, 15°1°/, 


Protocaseose with some deuterocaseose. 3°6258 grams in 


‘ each portion. 

72 hours 0°0212 gram. 05°), 27546 grams. 75°9°/, 23°4°/, 
„ 00117 „ 24492 „ 675,, 32˙1 „ 
166 „ 00081 „ 23395 „ 645,, 35°2 , 

Pure deuterocaseose. 2-9279 grams in each portion. 

69 „ 00351 gram. 1°1°/, 10985 grams. 37°5°/, 61˙2 % 

137 „ 0˙•1171 „ 39, „ , 66˙2 „ 
Protogluten-caseose. 42682 grams in each portion. 

69 „ 00117 gram. 0°2°/, 3°8984 grams. 91°3°/, 8-3 °/, 

00280 „ 06, 35719 „ 836,, 15°6 „ 
Protogluten-caseose with some deutero. 3°2697 grams in 
each portion. 

69 „ 00090 gram. 0:2°/, 25984 grams. 794% 20°3°/, 
137 „ 00238 „ O7,, 23609 „ 722, 270, 


From these experiments it is plain, as already stated, that the 
primary proteoses, proto and hetero, are only slowly converted into 
peptone, since they must first pass through the intermediate stage of 
deuteroproteose. The deutero body on the other hand, standing next 
to peptone, is far more quickly and readily changed, as evidenced by 
the large percentage of peptone formed under exactly the same con- 
ditions as employed in the digestion of the other proteoses. 

Our results then clearly indicate that the formation of peptone is a 
gradual process and that the greater part of the peptone formed by the 
action of pepsin-hydrochloric acid passes through the stage of albumose 
or proteose. Secondly, that at the end of the most vigorous gastric 
digestion a considerable part of the proteid digested will be in the 
form of proteose. 

To how great an extent it will be necessary to modify these 
conclusions in applying them to the proteolytic changes of natural 
digestion, we cannot now say. 


All the substances were dried at 110°C. prior to being weighed. 
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THE PRIMARY CLEAVAGE PRODUCTS FORMED IN 
THE DIGESTION OF GELATIN. By R. H. CHITTEN- 
DEN, Professor of Physiological Chemistry, anv FRED. P. 
SOLLEY, BA, PhB. 


(Contributions from the Sheffield Biological Laboratory 
of Yale University.) 


Ir has long been known that gelatin, under the influence of gastric 
and pancreatic juice, becomes liquid and loses entirely the power of ge- 
latinization. As early as 1826 Tiedemann and Gmelin! made this 
observation with natural gastric juice, and later Metzler“, Schwe- 
der“, Etzinger* and others obtained the same result with artificial 
gastric juice. Similar observations were likewise made by Schweder, 
Nencki, and Kühne, with pancreatic juice. 

Obviously, under these circumstances the gelatin underwent some 
kind of change, but whether it consisted simply in a conversion of the 
substance into a soluble and non-gelatinous modification, or of a cleavage 
into two or more widely different bodies, was not known. 

The most important investigation bearing upon this point is the 
well-known work of Hofmeister’, in which he found that solutions of 
gelatin subjected to the action of boiling water for a longer period than 
25 hours, lost the power of gelatinizing, being converted through 
hydration into a mixture of two peptone-like bodies, to which the 
names of semiglutin and hemicollin were given. These two so-called 
gelatin-peptones were unlike each other in chemical composition and 
reactions, and furthermore differed widely in composition from the 
gelatin-peptone obtained by Nencki“ in the decomposition of gelatin 

Die Verdauung nach Versuchen, Heidelberg, 1826, Bd. 1. p. 171. 
® Beitriige zur Verdauung des Leims, Giessen, 1860. Schmidt's Jahrb., Bd. 110, 
153. 
me Virchow’s Jahresbericht, 1867, Bd. I. p. 152. 
92. 
* — Structar des Collagens, © Zeitschrift fiir physiologische chemie, 

I. 

9 Ueber die Zersetzung der Gelatine und des Eiweisses bei der Fäulniss mit Pancreas.” 
Bern, 1876. Abstract in Jahresbericht fur Thierchemie, Bd. vt. p. 81. 
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with the pancreatic ferment and by putrefaction. Nencki's products 
contained 40—41 per cent. of carbon and 15°27—15°46 per cent. of 
nitrogen, thus showing a wide divergence in composition from gelatin 
itself, and indicating a decomposition of considerable magnitude. 

With elastin, experiments carried out in this laboratory’ have 
shown that the products [elastoses] formed in the gastric and pancreatic 
digestion of this albuminoid do not differ in composition from the 
mother substance to the extent usually found with the genuine 
proteids. To be sure, deuteroelastose does contain a somewhat lower 
percentage of carbon than elastin itself, a fact which accords with what 
has usually been found true of deuteroproteoses in general, but in this 
particular case the diminution is not large. It is in fact very question- 
able whether, in the digestion of an albuminoid, the chemical changes 
which take place are of the same degree or magnitude as in the case 
of true proteids. With the latter bodies, repeated experiments have 
shown that the corresponding proteoses and peptones are formed by 
a gradual series of hydrations, of which the gradually diminished 
percentage of carbon in the products is a good indication. With the 
albuminvid elastin, on the other hand, the changes in the content of 
carbon in the various cleavage products are far less marked, although 
the changes are undoubtedly of a hydrolytic nature. It seemed 
desirable therefore to study the products formed in the digestion of 
the related albuminoid gelatin, especially as the study of this body 
adds one more to the list of proteids and albuminoids, the digestion 
products of which have been carefully studied, thus bringing us so 
much nearer to the point from which eventually we hope to be able 
to draw new and more definite generalizations regarding the chemical 
changes produced by the digestive ferments. 


Gelatin, its preparation and composition. 


The gelatin used in the following experiments was prepared by 
soaking several pounds of the best French gelatin in cold distilled 
water, repeatedly changed, for several days until all soluble salts were 
removed, The swollen mass was then heated gently until dissolved, 
and the gelatin precipitated by pouring the warm fluid slowly into a 
large volume of 93 per cent. alcohol. The tough, stringy precipitate 
was strained off, placed under pressure to remove as much of the 
alcohol as possible, and then warmed gently for some time to expel 


1 See Zeitschrift fiir Biologie, Bd. xxv. p. 368. 
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the last traces of alcohol. Of this product a small sample was further 
treated, preparatory to analysis, by dissolving it in hot water, filtering 
the solution through paper with the aid of a hot water funnel, then 
evaporating the solution to dryness on a water-bath until it was quite 
hard and brittle. It was finally ground to a fine powder and dried at 
110°C. until of constant weight. 


Analysis of Gelatin. 


I. 0-2590 gram substance gave 0°1578 gram H,O = 6:76 per cent. H 
and 0°4639 gram CO, = 48°84 per cent. C. age 
II. 0°2969 gram substance gave 0-1770 gram H,O = 6°73 per cent. H. 
III. 02704 gram substance gave 0:1631 gram H,O = 6-70 per cent. H 
and 0-4827 gram CO, = 48°68 per cent. C. 
IV. 0-3145 gram substance gave 45-6c.c. N at 7:2° C. and 758·3 mm. 
pressure = 17°70 per cent. N. 
V. 02843 gram substance gave 41‘4c.c. N at 7°0°C. and 760:2 mm. 
pressure = 17°80 per cent. N. 
VI. 0.5439 gram substance gave after fusion with KOH + KNO, 0-0264 
gram BaSO, = 0-66 per cent. S. 
VII. 0°4563 gram substance gave after fusion with KOH + KNO, 
0-0257 gram BaSO, = 0-75 per cent. 8. 
VIII. 04025 gram substance gave 00051 gram ash = 1-26 per cent. 
IX. 0.3765 gram substance gave 0-0048 gram ash = 1-27 per cent. 


P composition of the ash-free substance. 


C 4946 .- 49°30 ~ — — — 49°38 
HH 6°84 6°81 6.78 — — 
N — — — 1792 1802 — — 17°97 
8 — — — — — 067 0-76 0-71 
0 


100-00 


As seen from the analysis, the composition of the dried gelatin 
differs slightly from the composition of gelatin as usually published, in 
that it contains a somewhat smaller percentage of carbon. Thus 
Gorup-Besanez! gives the composition of gelatin from tendons as 
C 50˙2, H 67, N 179, 078 250. Another analysis of our product, 
however, gave essentially the same results as those quoted above, from 


1 Lehrbuch der physiologischen chemie. Dritte Auflage, 1874, p. 150. 


4 

— — , 

4 


26 R. H. CHITTENDEN AND F. P. SOLLEY. 


which we must conclude that the analysis rightfully represents the 
composition of the sample of gelatin used in our experiments. 


Treatment of gelatin with pepsin-hydrochloric acid. 


600 grams of purified and partially dried gelatin were warmed at 
40°C. with 2} litres of a pure and active pepsin-hydrochloric acid 
solution, the acid being of 0˙4 per cent. strength. The digestion was 
continued for three days, at the end of which time there remained 
only a small amount of insoluble matter. This antialbumid-like 
substance was heavy rather than flocculent, and was at least partially 
soluble in 0°5 per cent. sodium carbonate. Addition of hydrochloric 
acid to the alkaline solution gave rise to a permanent precipitate only 
when the acid was present in slight excess; the precipitate so produced 
was soluble in a large excess of acid. The substance gave the ordinary 
proteid reactions with Millon’s reagent, also with the biuret and 
xanthoprotein tests. Unlike the antialbumid formed in the gastric 
digestion of most proteids, it was not affected by treatment with an 
alkaline solution of trypsin at 40°C. It contained a large amount of 
ash. 

The clear yellow filtrate from the undigested residue containing 
the products of digestion was neutralized, without yielding any neu- 
tralization precipitate, and then concentrated toa syrup. The syrupy 
solution on cooling showed no signs whatever of gelatinizing. On 
saturating the fluid, while hot, with ammonium sulphate, a heavy 
gummy precipitate resulted, composed of the primary products of 
digestion, the gelatoses, while in the filtrate there remained a 
small amount of true gelatin-peptone, non-precipitable by saturation 
with ammonium sulphate. The latter, however, was present in such 
small amount that it could not be separated from the ammonium 
sulphate in sufficient quantity for analysis, 

Examination of the ammonium sulphate precipitate revealed the 
presence of two distinct bodies; one, corresponding to protoalbumose 
and like it precipitated in part by saturation with salt, and cgmpletely 
on addition of a little acetic acid to the salt-saturated fluid; the other, 
corresponding to deuteroalbumose and like the latter precipitated by 
saturation with ammonium sulphate, after the proto body had been 
completely removed from the fluid. 

The gelatoses précipitated collectively by saturation with ammo- 
nium sulphate were purified somewhat by solution in water and 
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re-precipitation with the ammonium salt, after which they were again 
dissolved in water and the proto and deuterogelatose separated from 
each other. | 


Protogelatose. 


All protoproteoses thus far studied have been partially precipitated 
by saturation of their neutral solutions with sodium chloride, and 
completely precipitated on addition of a little acetic acid to the 
salt-saturated fluid. Protogelatose, however, seemed characterized by 
very incomplete precipitation with salt alone. Saturation of the 
neutral fluid with sodium chloride gave only a comparatively small 
amount of precipitate, The substance, however, was completely preci- 
pitated by addition of 30 per cent. acetic acid to the salt-saturated 
fluid, and apparently little, if any, deutero was thrown down at the 
same time. The reactions of that portion of the gelatose precipitated 
by salt alone agreed exactly with those of the portion thrown down on 
addition of salt-saturated acetic acid. Further, the percentage of 
carbon and nitrogen was the same in the two portions, and as the 
amount of substance precipitated by salt alone in a perfectly neutral 
fluid was comparatively small, it seemed probable that the portion thus 
precipitated was simply a trace of the body thrown down so abundantly ~ 
on adding a few drops of acid to the salt-saturated fluid. 

Precipitated in this manner, by salt and acid, protogelatose came 
down as a heavy gummy mass, soluble in excess of acid, which by 
standing took on the appearance of a thick, yellowish-brown oily gum. 
It was purified by being dissolved in water, the solution saturated with 
pure salt, by which more or less of the substance was precipitated, and 
finally completely precipitated by addition of a little salt-saturated 
acetic acid. The substance was then again dissolved in water, the 
solution carefully neutralized with sodium hydroxide and dialyzed in 
running water until all soluble salts were removed, after which the 
filtered fluid was concentrated to a thick syrup and the body precipi- 


_ tated by strong alcohol. After thorough washing with alcohol, the 
precipitate was dissolved in a little water, with the aid of heat, and 
the solution dried on a water-bath until the substance appeared hard 
and brittle. It was then ground to a powder and dried at 110°C. until 
of constant weight. 

The composition of the body is shown in the following results : 
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Protogelatose, gastric digestion. 


06025 gram substance gave 0°3646 gram H,O = 6°72 per cent. H 
and 10828 grams CO, = 49-00 per cent. C. 

0-2947 gram substance gave 0°1747 gram H,O = 6°58 per cent. H 
and 0°5294 gram CO, = 48-98 per cent. C. 

0°2917 gram substance gave 42°4 c.c. N at 8°3°C. and 750°1 mm. 
pressure = 17°45 per cent, N. 

0°2800 gram substance gave 41°0 c. c. N at 13-0°C. and 761°1 mm. 
pressure = 17 56 per cent. N. 

06500 gram substance gave after fusion with KOH + KNO, 
00271 gram BaSO, = 0°57 per cent. S. 

04525 gram substance gave after fusion with KOH + KNO, 
00154 gram BaSO, = 0°46 per cent. S. 

0°5732 gram substance gave 0°0117 gram ash = 2°04 per cent. 
0°5166 gram substance gave 00100 gram ash = 1-93 per cent. 


Percentage composition of the ash-free substance. 


49°99 49°97 — — — — 
H 6°85 6-71 — — — a 
N — — 1783 17°89 — — 
— — — — 058 0°47 


8 
0 


From these results it is evident that the proto body does not differ 
materially in composition from gelatin itself. Like other protoproteoses 
it is to be considered as one of the primary products of digestion 
with pepsin-acid, and like them it is capable of being further con- 
verted into true peptone by the long continued action of powerful 
pepsin solutions. Thus in one experiment, where a given weight of 
pure protogelatose was warmed for 137 hours at 40°C. with a pure 
and strong pepsin-acid solution, 20 per cent. of the body was converted 
into peptone, non-precipitable by ammonium sulphate. 

With Millon’s reagent, an aqueous solution of protogelatose gives 
a slight white precipitate, soluble in excess of the reagent. Heated, 
the fluid takes on a bright pink colour, but no precipitate is produced on 
boiling, unless very concentrated, when a pink coagulum appears. 

Cupric sulphate gives no precipitate; addition of potassium hydroxide, 
however, brings out a violet red colour. 

Tannic acid gives a heavy, curdy white precipitate. 
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II. 

III. 

Iv. 

VI. 

VII. 

VIII. 

Average 

49-98 

6-78 

17°86 

0°52 

24°86 

100-00 
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Chloroplatinic acid gives a heavy, yellow precipitate, readily dis- 

solved by warming and reappearing as the solution cools. 
- Picric acid likewise produces a heavy yellow precipitate, which 

dissolves as the solution is warmed, reappearing in the cold. 

Mercuric chloride gives a heavy flocculent precipitate, which dis- 
appears in part on warming the mixture, reappearing on cooling. 

Like other protoproteoses the substance is readily soluble in cold 
water. 


Deuterogelatose. 


This substance is obtained by treating the original filtrate from the 
proto body, with ammonium sulphate. The separation is preceded by 
the removal of the sodium chloride from the salt-saturated fluid. This 
is very essential, as otherwise the precipitation by ammonium sulphate 
will be very incomplete or may fail altogether. To separate the salt 
considerable strong alcohol was added to the salt-saturated acid fluid, 
the salt crystals filtered off, the filtrate concentrated and finally dialyzed 
for several days until silver nitrate gave little or no reaction. The solu- 
tion was then concentrated somewhat and saturated, while hot, with 
ammonium sulphate. As a result a heavy, stringy gummy precipitate 
was obtained. The deutero body thus precipitated was redissolved in 
water and again precipitated by the ammonium salt, after which it was 
once more dissolved in water and dialyzed until entirely free from 
sulphate, From the filtered fluid, after concentration to a syrup, the 
deutero body was precipitated by alcohol, and finally dried at 110°C. 
until of constant weight. 

On analysis the following results were obtained : 


Deuterogelatose, gastric digestion. 


I. 0-4091 gram substance gave 0°2490 gram H,O = 6:76 per cent. H 
and 0˙7 299 gram CO, = 48°65 per cent. C. 
II. 0°2924 gram substance gave 0°1785 gram HO = 6°78 per cent. H 
and 0.5230 gram CO, = 48°77 per cent. C. 
III. 0°2978 gram substance gave 43:1 c. c. N at 13°6°C. and 758-6 mm. 
pressure = 17°28 per cent. N. 
IV. 02814 gram substance gave 40 3 c.c. N at 140 C. and 761°0 mm. 
pressure = 17°13 per cent. N. 
V. 03970 gram substance gave after fusion with KOH + KNO, 
00146 gram BaSo, = 0-50 per cent. S. 
VI. 0°3307 gram substance gave 0 0036 gram ash = 1 08 per cent. 
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Percentage composition of the ash-free substance. 

Average 
C 4918 4929 — — — 49°23 
H 683 6°85 ~ — — 6°84 
N — — 1747 1732 — 17°40 
O 26°02 

100-00 


Here, again, there is no noticeable difference in composition between 
the deutero body and the original gelatin. 

In reactions, deuterogelatose differs from the proto body mainly in 
not being precipitated at all by saturation of its aqueous solution with 
salt, or by addition of acetic acid to the salt-saturated fluid. 

Further, with platinic chloride no precipitate at all is produced, or 
only a very slight one. In other respects there is no marked difference 
to be observed between the two gelatoses, except that the deutero body 
gives a less pronounced precipitate with mercuric chloride, and on 
boiling with Millon’s reagent there is less of a coagulum to be observed; 
simply a pink colour to the solution. 


Treatment of gelatin with alkaline trypsin solution. 

By long-continued treatment of gelatin with an active trypsin 
solution considerable true peptone is formed, but in every case a large 
proportion of gelatoses will be found associated with the peptone. 
Under ordinary circumstances, however, where the ferment solution is 
not too active, the gelatoses predominate and the amount of true 
peptone formed is comparatively small. 1 5 

Two distinct digestions were made, but a description of one will 
suffice to make clear the method of procedure and the results. 

600 grams of pure, partially dried gelatin were placed in 24 litres of 
0˙5 per cent. sodium carbonate and 250 c.c. of a pure, dialyzed trypsin 
solution, prepared according to Kiihne’s method, added, and the mixture, 
well thymolized, warmed at 40°C. for one week. A small residue re- 


mained undissolved, resembling in appearance the antialbumid-like 


matter noticed in the gastric digestion. The clear, limpid fluid con- 
taining the products of digestion was exactly neutralized, without 
producing any precipitate, although addition of acid in slight excess to 
a small portion caused a decided turbidity. The neutral fluid was 
concentrated to a thick syrup, without sign of gelatinization, and while 
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hot treated with a mixture of 95 per cent. alcohol and absolute alcohol, 
by which a thick brownish gum was thrown down. The alcoholic 
filtrate, after evaporation, on being tested with bromine water failed to 
give any characteristic colour, neither could any decisive reaction for 
tyrosin be obtained. 

The precipitate produced by alcohol was dissolved in hot water and 
the solution saturated with ammonium sulphate, by which a heavy 
gummy precipitate of gelatoses was obtained, composed of a mixture 
of the two bodies, proto and deutero. The filtrate gave decided re- 
actions for true peptone. 

The ammonium sulphate precipitate was dissolved in water, the 
solution reprecipitated hot with ammonium sulphate, and the resultant 
mass of gelatoses treated in exactly the same manner as already 
described under gastric digestion, excepting that each final product 
was repeatedly boiled with strong alcohol to remove any possible 
adhering traces of crystalline bodies. 

A certain amount of protogelatose was precipitated by simple satu- 
ration of the neutral fluid with salt, as in the gastric digestion, but 
as the dried product, after dialysis, etc., contained 8 per cent. of ash it 
was not further studied. Pure protogelatose was separated in exactly 
the same manner as described under the head of gastric digestion, viz. 
by addition of acetic acid to the salt-saturated fluid. The reactions of 
the body were essentially the same as those already described. The 
composition was likewise found to be the same, after drying at 110°C., 
as shown by the following results : 


Protogelatose, pancreatic digestion. 
I. Q3036 gram substance gave 0-1775 gram H,O = 6°49 per cent. H 
and 0°5422 gram CO, = 48-70 per cent. C. 
II. 0.3028 gram substance gave 0°1769 gram H,O = 6:49 per cent. II 
and 05387 gram CO, = 48°48 per cent. C. 
III. 02677 gram substance gave 40-2 c. c. N at 201 C. and 755°4 mm. 
pressure = 17 46 per cent. N. 
IV. 02639 gram substance gave 38·9 c. c. N at C. and mm. 
pressure = 17°55 per cent. N. 
V. 04367 gram sübstance fused with KOH+KNO, gave 00193 
grain Ba So, = 0°60 per cent. S. 
VI. 0:5143 gram substance fused with KOH + KNO, gave 0-0190 
gram Ba So, = 0:50 per cent. 8. 
VII. 0-6060 gram substance gave 00106 gram ash = 1°74 per cent. 
VIII. 05480 gram substance gave 00097 gram ash = 1°77 per cent. 
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Percentage composition of the ash-free substance. 

Average 

o 4956 4934 

H 6°61 6°61 — — — — 6°61 

N — — 1777 — 17°81 

8 — — — — 062 0-52 0°57 

0 25˙56 

100-00 
Deuterogelatose, formed by the action of trypsin, was separated 
as described under the head of gastric digestion, and was found to 
have essentially the same reactions and composition as the similar eae 

formed by the action of pepsin-acid. 


Deuterogelatose, pancreatic digestion. 
I. 92631 gram substance gave 0°1581 gram H,O = 6°67 per cent. II 
and 0°4684 gram CO, = 48-51 per cent. C. 
II. 02631 gram substance gave 0°1543 gram H,O = 6°51 per cent. H 
and 0°4687 gram CO, = 48°58 per cent. C. 
III. 02823 gram substance gave 41:1 c.c. Nat 20-0° C. and 772°5 mm. 
pressure = 17°3] per cent. N. 
IV. 0°2683 gram substance gave 39:1 c.c. N at 20°4°C. and 770°9 mm. 
pressure = 17°27 per cent. N. 
V. 05667 gram substance fused with KOH + KNO, gave 0°0288 
gram BaSo, = 0°69 per cent. 8. 
VI. 05108 gram substance fused with KOH + KNO, gave 00231 
gram BaSo, = 0°62 per cent. 8. 
VII. 0°5575 gram substance gave 00059 gram ash = 1-06 per cent. 
VIII. 05110 gram substance gave 00057 gram ash = 1:11 per cent. 


Percentage composition of the ash-free substance. 
Average 
C 49°03 49:10 — — — — 49-07 
H 6°74 6°58 — — - — 6°66 
N — — 1754 17°50 — — 17-52 
8 — — — — 0-69 0-62 0°65 
0 26-10 
100-00 
Another series of products obtained from a second pancreatic diges- 
tion showed substantially the same composition as the ones described. 
Comparison of the several gelatoses analyzed shows that they all 
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have the same chemical composition and that they do not differ in 
composition from gelatin itself. 
Gastric digestion. Pancreatic digestion. 


Deutero- Proto- Deutero- 
Gelatin. gelatose. gelatose. gelatose, gelatose. 
0 49-38 49-98 49-23 49°45 49-07 
H 6°81 6°78 6°84 6°61 6°66 
N 17°97 17°86 17°40 17°81 17°52 
8 0-71 0°52 0°51 0°57 «0°65 
O 25°13 24°86 26°02 25°56 26-10 
Ash 126 198 108 175 108 


From the foregoing results it is evident that in the digestion of 
gelatin with gastric and pancreatic juice there are formed at least three 
distinct products. Of these, two are primary products, and these are 
the same whether formed by the action of pepsin or of trypsin. They 
are to be distinguished from the third product, gelatin-peptone, by 
being precipitated by saturation with ammonium sulphate, whereas the 
peptone proper is not affected by this salt, either in neutral or acid 
solutions, Further, the true peptone is not precipitated by either 
saturation with salt, or with salt and acetic acid. The primary products 
by further ferment action are gradually changed into true peptone, the 
proto passing first through the stage of deutero, thus making a close 
analogy with the changes known to occur in the digestion of the pro- 
teids proper. Owing to the difficulty in separating the ammonium 
sulphate completely from the peptone, we have not been able to obtain 
the latter in sufficient quantity and in a sufficient state of purity for 
analysis. 

The gelatoses are readily soluble in cold water, are slowly diffu- 
sible, and in composition resemble gelatin itself. They are undoubtedly 
formed by hydration, but their chemical composition affords no evidence 
of this view. 

Protogelatose differs from deuterogelatose by being partially pre- 
cipitated on saturation of its neutral solution with salt, and completely 
precipitated by addition of a little acetic acid to the salt-saturated fluid. 
Deuterogelatose, on the other hand, is not affected by either of these 
reagents. Saturation of its aqueous or slightly acid solution with 
ammonium sulphate, however, will quickly and completely precipitate 
it. Further, protogelatose yields a heavy precipitate with chloro- 
platinie acid, soluble on heating, while pure deuterogelatose gives 
little or no precipitate with this reagent. 

No trace of any body corresponding to heteroalbumose was observed, 
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MYOSIN-PEPTONE. By R. H. CHITTENDEN, Professor of 
Physiological Chemistry, AxD RALPH GOODWIN, Jr., Ph.B. 


(Contributions from the Sheffield Biological Laboratory 
of Yale University.) 


In the digestion of myosin from muscle tissue with alkaline pancreatic 
juice there invariably remains a large residue of insoluble matter, which 
resists the solvent action of trypsin. That portion of the myosin which 
is dissolved is quickly converted into peptone and crystalline products, 
the digestive fluid on saturation with ammonium sulphate giving little 
or no precipitate of myosinoses. As is now well known, alkaline 
trypsin solutions convert all proteids into true peptones far more 
readily than pepsin-acid solutions, the real difference in action ap- 
parently lying in the fact that pepsin changes the first formed 
proteoses slowly, whereas trypsin acts with the same energy upon 
the proteoses as upon the original proteid. Myosin, however, is 
peculiar in that the digestible portion of it is so readily convertible 
into peptone by trypsin; myosinoses are first formed as in the digestion 
with pepsin, but under the action of trypsin they quickly give place to 
true peptone, the hemi-portion of which is in turn quickly broken down 
into crystalline products. It has been the object of the present study 
to ascertain the nature and composition of the peptove thus formed, 
and incidentally afso the character of the insoluble matter which is such 
a prominent feature in the digestion of myosin with pancreatic juice. 
The myosin used in the preparation of the several samples of 
peptone was prepared at different times from ox muscle by soaking 
the thoroughly washed and finely divided tissue in 5 per gent. solution 
of ammonium chloride, and then separating the dissolved myosin by 
dialyzing the filtered solution in running water until the chloride was 
entirely removed’. The semi-gelatinous myosin was then filtered, 


1 See Myosin und Myosinosen.” Kühne and Chittenden, Zeitschrift fur Biologie, 
Bd. xxv., p. 358. , 

Also “ Nature and chemical composition of the myosin of muscle tissue.” Chitten- 
denand Cummins. Studies from Laboratory of Physiological Chemistry, Yale Univer- 
sity, Vol. un., p. 115. 
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washed with water and transferred directly to a sodium carbonate 
solution of 0°5 per cent. strength, in preparation for its treatment with 
trypsin. All treatment with alcohol and ether was avoided as being 
unnecessary and indeed undesirable, for in a previous study of the 
myosinoses formed in gastric digestion, it was observed that contact 
of the myosin with alcohol and ether tended to diminish decidedly its 
solubility in the digestive fluid. 

The ferment solution employed in the digestion of the myosin was 
prepared from dried ox pancreas according to Kiihne’s well-known 
method, and was ‘purified by long-continued dialysis from both an acid 
and alkaline solution. 

Several digestions were made, each with large quantities of pure 
myosin, four of which were carried to a successful termination. 

The details of the digestion were as follows; the myosin extracted 
from.20—30 pounds of fresh lean beef was placed in 3—5 litres of 0°5 
per cent. sodium carbonate, in which it was soon swollen to a jelly and 
partially dissolved. To this was added an alkaline trypsin solution, 
prepared from 40 grams of dried ox pancreas, after which the mixture, 
well thymolized, was warmed at 40°C. with frequent agitation. The 
ferment quickly began to act upon the gelatinous myosin and the 
undissolved matter gradually took on a denser appearance. At the 
end of six days about three-fourths of the myosin was usually dissolved. 
The undigested residue was then filtered off, washed with water, and 
again warmed at 40°C. for one week with a fresh and active trypsin 
solution in 2 litres of 0°5 per cent. sodium carbonate, This treatment, 
however, did not appear to diminish its amount to any great extent. 
It was again filtered off, washed with water, and then dissolved in warm 
0˙2 per cent. hydrochloric acid, from which it was ultimately precipitated 
by neutralization in the form of heavy flocks. In order to free the 
substance from any trace of adhering myosin it was warmed at 40°C. 
for 3—4 days with an active pepsin-hydrochloric acid solution, Neu- 
tralization of the acid fluid yielded a heavy precipitate, and examination 
of the filtrate showed only the presence of traces of cleavage products, 
From this it was assumed that the antialbumid-like substance was 
probably as pure as it could be prepared and it was therefore collected, 
after neutralization of the acid-pepsin solution, on a filter and washed 
thoroughly with water, and finally with 95 per cent. alcohol and ether. 

Its composition, after being dried at 110°C. until of constant 
weight, was as follows: 

Kühne and Chittenden, loc. cit. 
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Myosin- antialbumid. 
I. 03452 gram substance gave 0.2328 gram H,O =7°49 per cent. H 
and 0˙7 132 gram CO, = 56°34 per cent. C. a 
0-3162 gram substance gave 0°2143 gram H, O = 7.53 per cent. H 
and 0°6501 gram CO, = 56˙06 per cent. C. 
III. 0°2450 gram substance gave 283 c. c. N at 16-9° C. and 758-4 mm. 
pressure = 13°63 per cent. N. 
0-2320 gram substance gave 0°0052 gram ash = 2-24 per cent. 
0-9095 gram substance gave 00201 gram ash = 2°21 per cent.’ 
0-4821 gram substance fused with KOH + KNO, gave 0-0466 gram 
BaSo, = 1:30 per cent. 8. 


942 


Percentage composition of the ash-free substance. 
Average 
C 5762 57°35 — — 57˙48 
H 7-66 7°69 — — 767 
N — — 13-94 — 13-94 
8 ~ — — 132 1°32 
0 19°59 
100-00 


Very noticeable is the high content of carbon and the correspond- 
ingly low percentage of nitrogen, myosin itself having an average 
content of 52°79 per cent. of carbon and 16°86 per cent. of nitrogen. 
The reactions of the substance were in no ways peculiar, being essen- 
tially the same as those of other like proteid bodies, excepting its 
extreme non-digestibility in both pepsin and trypsin solutions. 

The original alkaline fluid containing the soluble products of 
digestion, after filtration from the undigested myosin and other 
insoluble matter, was carefully neutralized, without yielding any 
neutralization precipitate, and then concentrated to a thin syrup. 
The fluid gave no coagulum on heating, and by saturation of a 
portion with ammonium sulphate only a very slight indication of 
myosinoses was obtained. There was, however, a large amount of 
leucin and tyrosin present, so much indeed that as the fluid cooled 
a very large crop of crystals separated, composed wholly of the well- 
known forms of leucin and tyrosin, Bromine water also gave a a4 
strong violet purple colour. 


1 The ash contained only a very slight trace of sulphate. 
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Considerable leucin and tyrosin were separated from the thick 
peptone solution by crystallization, after which the peptone itself was 
precipitated as a gummy mass by a large excess of hot alcohol. The 
peptone naturally still contained a large amount of leucin and tyrosin. 
This was removed by boiling the gummy precipitate with large quan- 
tities of 95 per cent. alcohol as long as the alcohol gave evidence of 
the presence of these bodies. This process consumed considerable time 


and involved considerable loss of peptone owing to the solubility of the 
_latter in weak alcohol. Finally, the peptone remaining was dissolved 


in water and dialyzed in running water until all soluble salts were 
removed. This, likewise, aided in the removal of the last traces of 
leucin and tyrosin. From the suitably concentrated fluid, the purified 
peptone was again precipitated by hot alcohol, boiled with alcohol 
several times and finally dried. 

Four distinct samples of peptone, representing as many digestions of 
different lots of myosin, were prepared in this manner, and after being 
dried at 110°C. until of constant weight were analyzed with the 
following results: 


Myosin-peptone. A. 
I. 0°3619 gram substance gave 0°2185 gram H,O = 6-70 per cent. H 
and 0°6232 gram CO, = 46°95 per cent. C. 
II. 0°3835 gram substance gave 0:2290 gram H 
and 06614 gram CO, = 47 03 per cent. C. 
III. 03071 gram substance gave 39°5 c. c. N at 14˙6˙C. and 760-9 mm. 
= 15°38 per cent. N. 
IV. 02912 gram substance gave 37°8 cc. N at 15-4°C. and 760 mm. 
pressure = 15°45 per cent. N. 
V. 0:4364 gram substance gave 0°0216 gram ash = 4-94 per cent. 
VI. 0.4042 gram substance gave 0°0196 gram ash = 4°84 per cent. 
VII. The ash from 0°8406 gram substance gave 0 0126 gram: BaSo, 
= 0°20 per cent. S. 
VIII. 07051 gram substance fused with KOH + KNO, gave 0:0693 
gram Baso. 1°34 per cent. S; deducting 0˙2 per cent.=1-14 
per cent. S. 
IX. 04231 gram substance fused with KOH+KNO, gave 00394 
gram BaSo,=1-27 per cent. S; deducting 0-2 per cent.=107 
per cent. 8. 
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Percentage composition of the ash-free substance. 
* 
49°36 49°44 — — — — 49°40 
705 = 6-97 — — — — 701 


— — 1620 
— — — — 1 Ms 116 


— 


Myosin · peptone. B. 
0·2540 gram substance gave 0°1510 gram H,O = 6˙60 per cent. H 
and 04395 gram CO, = 47°19 per cent. C. 
0:3698 gram substance gave 0°1547 gram H,O = 6°65 per cent. H. 
0:2631 gram substance gave 0°4558 gram CO, = 47°24 per cent. C. 
0°3580 gram substance gave 48°3 c.c. N at 17°0°C. and 765°6 mm. 
pressure = 16°02 per cent. N. 
0-4027 gram substance gave 55-0 c. c. N. at 17 C. and 760-2 mm. 
pressure = 16°15 per cent. N. 
0°3629 gram substance gave 0°0137 gram ash = 3°77 per cent. 
0°6373 gram substance gave 00231 gram ash = 3-62 per cent. 
The ash from 10002 gram substance gave 0°0142 es BaSo, 
= 0°19 per cent. S. 
08136 gram substance gave by fusion with KOH + KNO, 00891 
gram BeaSo,= 1-50 per cent. S; deducting 0°19 per cent, = 131 
per cent. S. 
0°9188 gram substance gave by fusion with KOH + KNO, = 0:0871 
gram Baso. - 1°30 per cent. S; deducting 0°19 per cent. = 1°11 
per cent, S. 


Percentage composition of the ash-free substance. 
Average 
49:00 4905 — — 
685 690 - 8 6˙87 
— 131 111 121 
26˙19 
100-00 


Myosin-peptone. C. 
I. 03262 gram substance gave 0°1803 gram . ges 14 per cent. H 
and 0°5262 gram CO, = 43-99 per cent. C. 
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0-3282 gram substance gave 0°1796 gram H,O = 6-08 per cent. H 
and 0°5278 gram CO, = 43°85 per cent. C. 

02511 gram substance gave 31°5 c.c. Nat 18°9°C, and 758°9 mm. 
pressure = 14°80 per cent. N. 

03626 gram substance gave 0°0410 gram ash = 11-30 per cent. 
0:4364 gram substance gave 0-0491 gfam ash = 11-25 per cent. 
The ash from 0°7790 gram substance gave 0°0375 gram BaSo, 
= 0-66 per cent. S. | 

03162 gram substance fused with KOH + KNO, gave 00415 
gram BaSo,=1°80 per cent. S; deducting 0°66 per cent. 1˙14 
per cent. S. 


Percentage composition of the ash-free substance. 


49°58 
6-91 


49°45 
6˙85 


Myosin-peptone. D. 
0°6823 gram substance gave 03980 gram H,O = 6˙48 per cent. H 
and 0°1746 gram CO, = 46 94 per cent. C. 
0·3520 gram substance gave 0-2032 gram H,O=6-41 per cent. H 
and 0:6059 gram CO, = 46-94 per cent. C. 
0-3829 gram substance gave 0°2189 gram H,O = 6°35 per cent. H 
and 0-6600 gram CO, = 47-06 per cent. C. 
0°4621 gram substance gave 0-2721 gram H,O=6-53 per cent. H 
and 0°7973 gram CO, = 47-05 per cent. C. 
03437 gram substance gave 46°7 c.c. N at 14°7°C, and 76271 mm. 
pressure = 16°18 per cent. N. 
0 3320 gram substance gave 447 c. c. N at 14°7°C. and 766.4 mm. 
pressure = 16°18 per cent. N. 
0°5608 gram substance gave 0°0255 gram ash = 4:54 per oeut. 
0°6166 gram substance gave 00265 gram ash = 4 29 per cent. 


The ash from 11774 gram substance gave 00119 gram BaSo, 


= 0°13 per cent, S. 

0°8895 gram substance gave by fusion with KOH + KNO, 0:0753 
gram BaSo,=1-16 per cent. S; deducting 0°13 per cent.=1-03 
per cent, 8. 8 

0·9148 gram substance gave by fusion with KOH + KNO, 00746 
gram BaSo,=1'12 per cent. S; deducting 0:13 per cent, = 0-99 
per cent. S. 


II. 
III. 
IV. 
v. 
VL 
VIL 
Average 
49°51 | 
6-88 
1668 — 16-68 
1:27 
100-00 
I. 
II. 
III. 
Iv. 
v. 
VL 4 
VIL 
VIII. 
1X — q — 
X. 
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| 


Average 

C 4904 4904 49:17 4915 — 49-10 
H 677 670 653 682 - 4 as ai 6-70 
— 1690 1690 — — 16-90 
8 2 2 103 100 1001 
100-00 


i The composition of the four products is seen to be essentially the 
i same, for considering the nature of the substance and the extreme 
5 difficulty in purifying it the slight differences between the individual 
1 bodies have little significance. In fact, the agreement in composition 
1 is such as to constitute a reasonable guarantee of purity. The most 
1 noticeable feature in the composition of the peptone is the low per- 
centage of carbon, while comparison of its composition with that of 
myosin and the myosinoses makes it plainly evident that the peptone | 
is formed by the further hydration of deuteromyosinose. 


0 H N 8 0 

Myosin 5279 712 1686 1:26 21˙97 

Protomyosinose 5243 7:17 1692 132 2216 

Deuteromyosinose 50:79 7:42 1700 1:22 23:39 
Myosin-peptone’ 49°26 687 1662 116 2609 


1 Hence, in myosin-peptone we have another illustration of the fact 
that peptones differ widely from the mother proteid in containing a 
much lower percentage of carbon“; a fact, which lends decided favour 
to the view that the formation of peptone is the result of a process of 
hydration. 

In reactions, myosin-peptone does * materially from other 
peptones equally free from albumoses. Like the peptones previously 
described by Kühne and Chittenden‘ it is characterized mainly by 
lack of precipitation with the ordinary reagents; acetic acid and 
potassium ferrocyanide, cupric sulphate, lead acetate, etc., giving only 


1 Myosinoses formed in gastric digestion, Kühne and Chittenden, loc. cit. 

Average of the four products. 

3 “ Ueber die Peptone.” W. Tanne ond R. H. Chittenden. N Biologie, 
Bd. xXII., p. 452. 

ou Ueber die Peptone,” p. 450. 
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a slight turbidity, and this was doubtless due in part to the adhering 
mineral salts which could not be wholly removed. 

Boiled with potassium hydroxide and lead acetate an aqueous 
solution of the peptone becomes somewhat darker in colour, but without 
any pronounced separation of lead sulphide. 

Boiled with concentrated hydrochloric acid there is a noticeable 
darkening of the fluid. Millon’s reagent gives a heavy white precipi- 
tate, which on boiling takes on a dirty yellow colour, then reddish, — 
the fluid has a irene red 
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ON THE COMPOSITION AND ACTION OF PEPTON- 
ISED MILK. By P. HORTON-SMITH, B.A, Scholar 
of St John's College, Cambridge, and St Bartholomew's Hospital, 
London. 


(From the Physiological. Laboratory, Cambridge.) 


A SHORT time ago the following clinical case came under my notice, 
The patient, an old man with no uric acid diathesis, was suffering from 
Hematemesis due to cirrhosis of the liver, and to relieve the stomach 
from as much work as possible he was fed upon peptonised milk. The 
immediate result of this was to cause a very large output of uric acid, 
which at once ceased on plain milk being substituted for the peptonised. 
This case therefore seemed to indicate that the marked increase in the 
amount of uric acid excreted was due to the ingestion of the peptonised 
milk. Now, since it would be a matter of considerable importance, 
considering the great use now made of these peptonised foods, if this 
should prove to be the usual result of feeding with them, it seemed 
advisable to make some experiments upon a healthy individual and see 
whether when dieted upon them the same change in the amount of uric 
acid excreted was observable. 

Before however proceeding to answer this question I determined to 
find out what proteids these peptonised foods really do contain, since 
it is highly improbable, considering the short time during which the 
ferment is allowed to act in their preparation and the nauseous taste 
which Kühne has shown pure peptone to possess, that the great part 
does really consist of peptone as is usually supposed. 

These two points therefore I determined .to investigate, and here 
I should like to express my thanks to Professor Foster and to Dr 
Sheridan Lea, for their kind advice to me during the progress of my 
work, 


PART I. 
The proteid constituents of peptonised foods. 
There are now in the market various preparations of Peptonised 
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food, the most important of which are however “ a, wh peptonised 
Beef Jelly” and “ Darby’ s Fluid Meat.” 

These all agree in one point. They profess to 8 no proteid in 
its undigested condition, but all in the form of peptone. These pre- 
parations are however expensive, and the one without doubt most often 
used is “ peptonised milk,” for this is both cheap and can be prepared, 
when required, with the greatest ease. This then was the preparation 
which I determined to examine quantitatively to find out if possible 
in what proportions the various proteids really exist in it. 


Before however proceeding to a quantitative examination, I made 


some qualitative experiments upon it, and in addition on the two other 
preparations before mentioned, namely Benger’s Peptonised Beef Jelly, 
and Darby’s Fluid Meat. 

I. Benger’s Peptonised Beef Jelly. 

This is an exceedingly palatable preparation, for which it is main- 
tained, that it contains “besides the salts and flavouring principles, 
much of the fibrin or flesh-forming elements of the beef in a soluble 
form, fit for immediate absorption.“ 


If this then is the case it should contain no proteid except i in the 


form of peptone, since though it is possible that some proteid leaves 
the alimentary canal in the form of albumoses, the great part without 
doubt leaves as peptone; on examining the jelly howéver I found that 
this was not the case, the majority of the proteid existing in the form 
of albumose, a certain quantity however being truly peptone. This is 
of course what might have been expected, for when these preparations 
were brought into the market the sharp line of distinction now drawn 
between albumoses and peptones was not known. Indeed until quite 
recently the two classes of bodies have usually been confounded. It is 
not therefore surprising to find that this, and as will be seen the other 
preparations also, though claiming to consist of peptones, do really 
consist chiefly of albumoses. 

Examined in more detail the jelly was found to contain as much as 
10 p.c. solid matter“. On adding water and warming, the whole went 


into solution, yielding a liquid which was slightly acid in reaction. On 


being neutralised no precipitate appeared, thus proving the absence of 
syntonin or acid albumin, parapeptone or antialbumate, anti- and dys- 
albumose. The solution was then saturated with neutral ammonium 

sulphate, causing a large precipitation of albumoses. The filtrate was 


1 Vide the descriptive lists of Benger’s preparations. 
? 6745 gr. of the jelly evaporated to dryness yielded 703 gr. solid matter = 10-41 p.c. 
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then tested for peptones and still gave the biuret reaction, but only 
very slightly, showing that the percentage of peptones was small, 
the albumoses being the chief proteid bodies present. 

To find out which of the various albumoses described by Kübne 
were present“ the ammonium sulphate precipitate was next dissolved 
in water, and the AmSO, dialysed away, a loop of parchment paper 
being used for this purpose. This was placed in a tall metal case through 
which a continv@ll stream of water heated to 50° C. was made to flow. 
The solution was dialysed until Ba (NO,), gave no trace of cloudiness. 
It was then poured into an evaporating dish, when it was seen to be 
slightly cloudy, and on being evaporated down this cloudiness resolved 
itself into a small precipitate of heteroalbumose, which, being in- 
soluble in distilled water, was therefore precipitated as the salts 
gradually dialysed away. 

The solution was then filtered and saturated with rock salt. A 
small precipitate of protalbumose then came down. This was filtered 
off, and a few drops of acetic acid added. On boiling a large precipitate 
separated out and came to the surface. This being the reaction which 
is said to characterise deuteroalbumose, I at first concluded that 
this was that body. But it then occurred to me that gelatine might be 
precipitated in the same way, and this proved to be the case. A 
solution of gelatine in water is precipitated by AmSO,, and if this 
precipitate is dissolved in water, and the solution saturated with NaCl, 
no precipitation occurs. But if now a few drops of acetic acid are 
added and the solution boiled, the gelatine separates out. 

Hence the precipitate which I had now obtained ebm Benger’s 
jelly was probably a mixture of deuteroalbumose and gelatine, That the 
former did form part of the precipitate I do not doubt, for as will be 
seen it forms the chief constituent of Darby’s fluid meat, in which no 


1 In testing for peptones after the precipitation of albumoses care must be taken to 
add excess of KHO, for of course at first the KHO decomposes the AmSO,, none therefore 
remaining free to give the biuret reaction. It is best to use a strong solution of KHO and 
to add it drop by drop, until crystals of K, 80, form in the liquid. 

2 In separating the various albumoses I have simply followed Kühne, Zeitschrift fur 
Biologie, xx. 1884, pp. 11—51. “Ueber Albumosen.” The papers of Kühne dealing 
with digestion and which will be constantly referred to here, are the following : 

(1) Zeit. f. Biol. Xxx. 1883, p. 159. Ueber die nächsten Spaltungsproducte der 

Eiweiss- Körper.“ 

(2) Zeit. f. Biol. xx. 1884, p. 11. Ueber Albumosen.” 

(3) Zeit. f. Biol. Xv. 1886, p. 423. Ueber die Peptone.” 

(4) Maly’s Jahresbericht, 1888. Albumosen und Peptone.” This paper appeared 

in one of the Heidelberg journals, which I was unable to obtain. a 
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gelatine is pee to throw a doubt upon the nature of the precipi- 
tate. 

The result then of my examination of Benger’ s Peptonised Beef 
Jelly may be briefly stated as follows :— 

The jelly contains about 10 p.c. of solids. A certain proportion 
of this doubtless consists of salts and extractives, though these I have 
not examined. The proteids present are in the form of ulbumoses and 
peptones, chiefly the former—gelatine being also present. Neither 
anti- nor dysalbumose are present, those found being proto-, deutero- 
and heteroalbumose. 

II. Darby's Fluid Meat. 

This preparation again like the last claims to contain “the nutrient 
principles in a suitable state for absorption into the system without 
requiring the exercise of the digestion’.” The result of my inves- 
tigation however was almost identical with that obtained from an exami- 
nation of the peptonised beef jelly. In this case again the albumoses 
constitute the chief proteid, but peptones also were present, though 
judging from the colour of the biuret reaction, they were even in smaller 
quantities than before. - 

In more details my results are as follows. The ‘fluid meat’ is not 
nearly so inviting a preparation as Benger’s Jelly. It is a very salt 
gummy mass, something in appearance like Liebig’s Extract. It has 
the advantage however over the jelly in being much more concentrated, 
consisting of about 75 p.c. of solids, of which from 30—40 p.c. is in the 
form of albumose and peptone, chiefly of course the former. But the 
chief objection to it is its saltness, due to its containing as much as 
12°61 p.c. NaCl. 

If some of the preparation is mixed with warm or boiling water, 
it nearly all dissolves, giving a solution which is slightly acid. No 
precipitate occurs on neutralisation, proving as before the absence of 
syntonin or acid albumin, parapeptone, or antialbumate, anti- and dys- 
albumose. 

The insoluble residue which constituted less than 1 p.c.* of the 
preparation was not proteid in nature, It dissolved in strong nitric, 
but gave no xanthoproteic reaction. 


1 For an old examination of its contents vide Riibner, Zeit. f. Biol. xv. 1879, p. 485. 
Ueber den Nährwerth des Fluid Meat.” S. Darby, Ibid. xv1. 1880, p. 208. Ueber 
den Fluid Meat.“ Rübner, Ibid. xvi. 1880, p. 212. Bemerkung zur vorstehenden Notiz 
eto.“ 

1 3-237 gr. Darby’s fluid meat =-031 gr. insoluble residue = 95 p. o. 
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After filtering from this precipitate and neutralising, the 
solution was saturated with AmSO, A large precipitate of albumoses 
came down. The filtrate was then tested for peptones, which were 
found to be present, but in small quantities only. 

The albumose precipitate was next tested in exactly the same way 
as has been described in the case of the precipitate from Benger's 
jelly, the following albumoses proving themselves to be present: 

Hetero-, proto- and deuteroalbumose, of which the last was in 
by far the greatest amount. 

In addition to the proteids present the preparation contains a con- 
siderable quantity of salts and extractives. The latter I examined by 
Stadeler’s method“ and found to be carnin, hypoxanthin, xanthin, 
and kreatin. Anything like a quantitative estimation however proved 
impossible, for owing to the presence of the albumoses and peptones, 
which could not be separated from the extractives by boiling like other 
proteids, the reagents used precipitated these bodies in addition to the 
extractives. Hence on evaporating the solutions down a gummy mass 
was left in which the crystals after a time were deposited. These 
could be recognised by their crystalline form, but could not be estimated 
quantitatively, as it was impossible to free them from the mass in which 
they were imbedded. 

The result then of this examination of Darby’s Fluid Meat, and 
Benger’s Peptonised Beef Jelly is to show that their proteid constituents 
are almost identical. Both consist almost entirely of albumoses, a small 
amount of peptone however being also present. In both cases also the 
same three albumoses are found, namely hetero-, proto-, and deutero- 
albumoses. Hence neither of these preparations can be said to quite 
answer the popular expectation, for neither can entirely relieve the 
digestive organs from all work. In both cases these organs will still 
have some though a diminished amount of work to do after the inges- 
tion of these foods, for the conversion of the majority of the albumoses 
into peptone still remains unperformed. 

Lastly, we come to the most important of all these preparations, 
namely peptonised milk,” for the introduction of which preparation 
we are chiefly indebted to Sir William Roberts. In preparing it Sir 
William Roberts makes use of trypsin, not pepsin, because he finds 
that if the latter is used the “grateful odour and taste of the food are 


1 Städeler. Ann. Chem. Pharm., Bd. cxvi. G. 102. 
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lost, while this is only the case to a less degree if trypsin is used’.” Two 
preparations of this latter enzyme are now in the market, each of which 
may be used to peptonise milk—either we may use Fairchild’s 
peptonising powders“ or Benger’s Liquor Pancreaticus. 

The former contain the exact quantity of ferment powder (5 grains) 
and of sodium bicarbonate (15 grains) necessary to peptonise one pint 
of milk, and are therefore very convenient, but thinking that very 
probably all would not have exactly the same composition, I decided to 
use Benger’s liquor pancreaticus throughout my investigations. And 
here I should like to express my thanks to Mr Benger for his great 
kindness in supplying me with as much of this preparation as I have 
from time to time required. 

In peptonising the milk I have followed exactly the directions given 
by Sir William Roberts. They are as follows“: 

“A pint of milk is diluted with a quarter of a pint of water and 
raised to a temperature of 60°C. Two teaspoonfuls of liquor 
pancreaticus and 20 grains of sodium bicarbonate are then added, 
and the whole covered and set aside in a warm place for an hour 
to an hour and a half, at the end of which time the liquid is boiled 
for three minutes to arrest the ferment action.” 

Interpreted more exactly these directions read as follows: 

568 cc. milk +142 cc. H,O are heated to 60°C. Then 122 cc. 
liquor pancreaticus and 1°3 gr. NaHCO, are added and the whole 
placed in an incubator at 24°C. for 14 hours. 

At the end of time the temperature of the incubator had 
generally risen to about 26°C. while that of the milk had fallen to 
37°C. In all my experiments this was exactly the way in which the 
milk was peptonised. 

Having then digested some milk in this way, I proceeded to 
examine it. 

The milk contained no insoluble residue, thus proving the absence 
of antialbumid. It might have been expected that this body would have 
been present, seeing that in tryptic digestions a considerable amount 
is usually obtained*. Its absence however in this case is probably to be 
explained by the fact that the ferment was active and the proteid in 
solution, and therefore in the most favourable condition for undergoing 


1 Roberts. On the Digestive Ferments, 1881, p. 55. 
2 Introduced by Burroughs and Welcome, 
3 Roberts. Ibid. p. 59. 

8 4 Lea. Journal of Phys. 1890, Vol. 41. p. 248. 
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rapid digestion. Now, as Lea has shown, these are the very conditions 
most unfavourable to the formation of this body. 

The milk was then neutralised, and after some time a very small 
precipitate was obvious, rising slowly to the surface. This could be 
either casein, which had been undigested or anti- or dysalbumose“, 
both of which are insoluble in water or salt solutions. Most probably it 
was a mixture of these two, for after filtering the milk through porce- 
lain the precipitate still came down on neutralisation, apparently un- 
diminished in amount. Now since casein cannot filter through porcelain, 
it is evident that the precipitate could not consist of this body. Also, 
as I found later, this neutralisation precipitate was entirely thrown down 
by ammonium sulphate, which would not have been the case had it 
consisted even in part of casein. Hence it was most probably a mix- 
ture of anti- and dys-albumose. It was however too small to eet 
to work with. 

The milk was next filtered from this precipitate and saturated with 
AmSO, after the addition of a few drops of acetic acid'. A very large 
precipitate of albumoses came down. 

These being filtered off, the solution still gave a marked biuret 
colour, proving the presence of peptones, in larger quantities than in the 
two former cases. 

In addition to these proteid bodies, leucin and tyrosin were present, 
typical crystals of both bodies being obtained. 

To determine which of the various albumoses constituted the AmSO, 
precipitate I took some peptonised milk, and dialysed it for several days 
under the influence of thymol, until all the salts were quite eliminated. 
It was then withdrawn from the dialyser, and a precipitate was found 
to have formed in it. This was filtered off and tested. It could of 
course consist of dys-, hetero- or antialbumose since these are insoluble 
in distilled water. To find out which were present a considerable por- 
tion of the precipitate was taken, and, after being well washed with 
absolute alcohol to dissolve out all thymol used as an antiseptic pre- 
caution, was heated for an hour and a half on a water bath with some 
10 p.c. NaCl. If heteroalbumose was present, it would dissolve under 
these circumstances, although it is not very soluble in NaCl‘, while dys- 


1 Zeit. f. Biol. xrx. 1883, p. 171. 

2 Zeit. f. Biol. Xx. 1884, p. 18. 

The addition of a few drops of acetic acid is necessary to completely precipitate 
the albumoses. The solution must be made slightly acid. 

geit. f. Biol. xx. 1884, p. 82. 
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and antialbumose would remain insoluble. At the end of the time 
mentioned the solution was filtered, and on saturating the filtrate with 
NaCl a fair but not very striking precipitate separated out. This 
answered all the tests characteristic“ of heteroalbu mose and therefore, 
as was expected, proved to be this body. 

The precipitate which had remained undissolved by the 10 p.c. NaCl 
was washed with water, and boiled for a short time with dilute HCl 
to dissolve any dys- or antialbumose present, The solution was 
then saturated with NaCl, when a very small precipitate came down. 
This corresponded in amount with the minute precipitate obtained 
by the neutralisation of the peptonised milk itself, and like it probably 
consisted of a mixture of dys- and antialbumose. It was however 
too small to work with. | 

The filtrate from the precipitate in the dialysing tube was next 
tested. 

Only a very small. amount was taken, but on being saturated with 
NaCl a most copious precipitate of protalbumose appeared. This 
answered all the tests which usually characterise this body“. 

The solution was then filtered and to the filtrate a drop or two of 
dilute acetic acid added, when a fair precipitate of deuteroalbumose 
came down. This reaction is in itself characteristic of this body, since 
of course no gelatine was present here. 

It is obvious therefore that of the various forms of albumose described, 
the one which is present in by far the largest quantity in peptonised 
milk is protalbumose. Next in order, but far behind, comes deutero- 
albumose. Of heteroalbumose there is a distinct though small 
amount. Dys- and antialbumose are present, but in very small 
quantities. These, together with a fair amount of peptone, constitute 
the proteids of peptonised milk. 

It is evident therefore that this preparation is constituted very like 
its two predecessors, except that it probably contains a good deal more 
peptone. In all however the albumoses constitute the chief 
proteids. Hence in this case as with the former ones, before assimi- 
lation can take place, when it is given as food, the digestive organs will 
still have a certain amount of work to do in converting albumoses into 
peptone. 


1 Zeit. f. Biol. xx. 1884, p. 36, 
2 Zeit. f. Biol. xx. p. 19. 
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Quantitative. 


Feeling however that if the investigation of peptonised milk was 
left in this state it would be distinctly unsatisfactory, I determined to 
try and find out as exactly as possible the proportions in which its 
various proteids were present—a task which naturally proved a hard 
one, since no one has before attempted the quantitative separation of 
albumoses and peptones, the difficulty being also — increased 
by the presence of the fat in the milk. 


1. The neutralisation precipitate. 


This precipitate was so very small that perhaps it was unnecessary 
to estimate it, but to make the analysis of the proteids complete I 
determined to do so. 

To separate it from the fat I made use of an ingenious porcelain 
filter kindly placed at my disposal by Mr Hankin. The milk came 
through quite clear and of a light yellow colour, a colour which is 
characteristic of peptonised milk, and on being neutralised the precipi- 
tate, which had been observed, appeared. This method of separating 
the neutralisation precipitate from the fat is open to the grave objection 
that we do not know whether albumoses can pass through a porcelain 
filter without being in part retained by it. No experiments have as yet 
been made on this point, and though like casein they certainly do not 
wholly fail to pass through, it is possible that they may fail in part or 
that one or more of the various albumoses may be kept back while the 
others pass through. This objection seemed to me so serious that I 
discarded this easy method in estimating the great mass of the albu- 
moses; but as this precipitate was so very minute, and as it did not 
seem to be diminished in amount by passing through the filter I deter- 
mined in this case to make use of the filter. 

Accordingly 250 ce. peptonised milk were filtered through the 
porcelain filter. This was then washed well with water, until the 


liquid coming through was neutral in reaction. It was then assumed 


that all the milk had been washed through. The solution was then 
divided into two equal portions; and to each dilute acetic acid was 
added until the precipitate appeared. This was then collected on to 
a weighed filter and washed with hot water, until on saturating the 
filtrate with AmSO, and adding a drop of acetic acid there was only the 
faintest trace of opalescence. The precipitate was then dried at 110°C 
in a desiccator and weighed. 
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Result :—125 c.c. peptonised milk gave 
Exp. I. = 0655 gr. 
Exp. II. = 0640 gr. 
but 125 c. c. peptonised milk correspond to 98°33 c. c. milk, since to every 
pint of milk, a quarter of a pint of fluid was added to peptonise it, and 
98°33 c.c. milk = 101°77 gr., the specific gravity of milk being 1035 in 
this case ; hence in percentages the neutralisation precipitate will be 


Exp. I. 0644 gr. . 
Exp. II. 0628 gr. } mean wer fe 


Milk then, which has been peptonised, contains 0636 gr. per cent. 
proteid in such a form that it is precipitated on neutralisation. Pro- 
bably this precipitate is a mixture of dys- and antialbumose. 

2. The albumose precipitate. 

Before being able to estimate the albumose precipitate quantitatively, 
it was necessary to hit upon some way of separating the precipitate from 
the fat of the milk, since as before mentioned it seemed unadvisable 
to use a porcelain filter. Various methods were tried, but at first 
without success. For instance I attempted to effect my object by 
means of the centrifugal machine, but it was found impossible with it 
to make the fat cohere into a firm cake, hence on pouring out the milk 
it again mixed itself as usual. Next “churning” was tried. The 
peptonised milk was left in the “rocker” and shaken all night. Next 
morning a considerable portion of the fat had collected into little balls, 
but still much remained as usual distributed through the fluid, and this 
was the case however long the churning was continued. I then deter- 
mined to try and extract all the fat by means of ether, using a Soxhlet's 
apparatus. The aibumose precipitate was therefore well dried and 
placed in the apparatus, but it proved an unsatisfactory method, for even 
at the end of seven days some fat still remained unextracted. At this 
stage of my work however the difficulty was happily solved by my 
discovering that if the albumose precipitate is dried at 105°C. and then 
dissolved in water, the albumoses dissolve, but the fat particles remain 
undissolved and aggregated into masses, which could easily be filtered 
off. The process of drying had apparently caused the fat particles to 
stick together. That the insoluble portion was only fat was proved by 
a microscopic examination, which showed that each minute mass was 
formed of innumerable little fat globules, and also by the fact that if a 
drop of KHO was added to a portion which was then shaken up with 
ether the whole disappeared. 
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To estimate the albumoses I then proceeded as follows :— 

361 c. of peptonised milk (i.e. } pint of milk) were measured out 
into a bottle and placed in the rocker to get rid of as much fat as 
possible. At the end of 24 hours a large ball of butter had formed, and 
the milk was poured out and neutralised. It was then filtered to 
separate the precipitate so formed. 

A few drops of acetic acid were then added to the filtrate and 
the whole saturated with AmSO,. The precipitate so formed was 
filtered off, dried at a low temperature, and then carefully taken off the 
filter paper. A little precipitate still adbering to the filter, this was 
boiled in water and the filtrate again saturated with AmSO, and a 
drop of acetic acid, and the precipitate filtered off. After being dried it 
was scraped off the filter paper and added to the rest. To collect the 
very last traces of the original albumose precipitate this second filter 
paper was next treated in the same way as the first. 

The total albumose precipitate thus collected was then dried at 
105°C. It of course contained in addition to the fat, a good deal of 
AmSO, crystals. It was therefore ground up in a mortar and very 
carefully mixed. Its weight was 19 0715 gr. 

Two portions, weighing respectively 5-063 gr. and 7821 gr., were 
then taken, and the fats separated by solution and filtration. The 
albumoses were then separated from the AmSO, by means of barium 
hydrate. This was carefully added until it ceased to cause a precipitate. 
The ammonia was then driven off and the slight excess of Ba (OH), 
that had been added, eliminated by very careful addition of H,SO, until 
the solution was exactly neutral. The BaSO, precipitate was then 
filtered off and the filter paper washed again and again with boiling 
water. The filtrates thus obtained consisted of pure albumoses. They 
were then evaporated down, dried at 105—110° C., cooled in a desiccator, 
and weighed. 

Following this 5 the two experiments yielded results as 
follows: — 

Exp. I. 5063 gr. precipitate 10975 albumose, bence 190715 gr. 

or half a pint of peptonised milk = 413 gr. albumose. 

Exp. II. 7.821 gr. mixture = 1.6575 gr. albumose, hence 190715 gr. 

or half a pint of peptonised milk = 4029 gr. albumose. 
_ The mean of these two is 40795 gr. This gives a mean percentage 
of albumoses in peptonised milk (after the subtraction of the water 


added so as to facilitate comparison with the ae of ordinary 
milk) of 1391. 
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It should be pointed out however that by this method there is an 
unavoidable loss of heteroalbumose, for on the elimination of the AmSO, 
it is precipitated, since there are now no neutral salts to keep it in 
solution. This can be proved by boiling some of the BaSO, precipitate 
with a 10 p.c. solution of NaCl. The solution gives the biuret reaction, 
and also all the tests characteristic of heteroalbumose. This substance 
does not constitute a very large proportion of the albumose precipitate, 
still however the loss will be appreciable. 

For another reason also this result is probably too low. Kiihne 
now finds that to precipitate deuteroalbumose completely, it is necessary 
to boil the solution, that is after being saturated with AmSO, This 
was not done in my experiments. 

For these two reasons therefore the estimation of the albumoses is 
probably too low. 


3. The estimation of the peptones. 


The quantitative estimation of peptones as apart from albumoses 
never having hitherto been attempted, I was obliged in the first place 
to try and find out myself some method which would effect this object. 
The one which in the future will most probably be used, will be to 
precipitate the albumoses with AmSO,, and then to estimate the 
peptones present by comparing the pink colour obtained by the biuret 
reaction in the solution, with that given by a standard solution of pure 
peptone, and then equalising the tint obtained. Before however this 
method can be followed, it will be necessary to find out whether the 
pink colour given by equal weights of anti- and hemipeptone is of the 
same tint, and also to be able to obtain samples of pure peptone. 

This method therefore not being available, the first way that 
suggested itself to me was to (a) separate the peptones from the 
albumoses by dialysis, and then to estimate them by means of the 
phosphotungstic acid method, in this way separating them from leucin 
and tyrosin, and most of the salts which would have dialysed through 
with themselves. 

Accordingly a dialysing tube was obtained, which was tested several 
times with the greatest care. The tube proved to be absolutely 
impervious, so that no fluid in its interior could possibly escape except 
by diffusion. 

185˙5 ce. peptonised milk (ie. } pint milk) were then evaporated 
down to a small bulk and placed in the dialyser. The dialysate was 
from time to time withdrawn, and fresh water substituted, also the 
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dialysing solution was several times evaporated down, as water passed 
in. At the end of ten days every trace of peptone had been extracted, 
but what was my surprise on testing some of the dialysate to find that 
it contained a very large proportion of albumoses. The solution set to 
dialyse contained 2 039 gr. albumose, according to my analysis, and as I 
found later 1198 gr. were present in the dialysate, hence about three- 
fifths had come through. The dialyser bad been so carefully tested 
that I have little hesitation in saying that it was perfect, hence the 
albumoses had passed through by dialysis. This was confirmed by 
some experiments made with solutions of Benger’s beef jelly and 
Darby’s fluid meat. In these cases also if some of the fluid con- 
taining albumoses and peptones was placed in the dialyser, however 
carefully this had been tested, after a time albumoses were invariably 
found in considerable quantities in the dialysate. 

There can be no doubt therefore that albumoses do have a con- 
siderable dialysing power, though doubtless also this is inferior to that 
possessed by true peptones. Now this is a point to which I should like 
to call attention for, though Kiihne refers to it in a note in his paper 
“Ueber Albumosen’” and Lea“ has lately confirmed it, it does not seem 
as yet to be generally recognized. 

Evidently then this method of separating albumoses and peptones 
which I had been trying, namely, by dialysis, was of no use, and I 
therefore determined 

(b) To attempt the separation in the following way—to divide the 
dialysate which contained all the peptones into two parts, in one of 
which the albumoses were to be estimated by means of AmSO,, in the 
other the albumoses and peptones by precipitating both with phospho- 
tungstic acid. The difference should give the amount of peptones 
present. 

The dialysate containing three-fifths of the albumoses and all the 


peptones (cf. above) was accordingly evaporated down, and halved. Owing 


to the evaporation there was a small loss of heteroalbumose. For the 
heating, according to its custom, had caused this to separate out, and 
it now stuck as a gummy mass to the sides of the evaporating basin’. 


Since however the loss would be the same in both experiments, this was 


of no consequence. 
In half the solution the peptones and albumoses were then estimated 


1 Kühne. Zeit. f. Biol. xx. p. 27, note. 
Lea. Journal of Phys. 1890, pp. 252—258. 
3 Zeit. f. Biol. xx. pp. 32—84. 


A 
1 
1 
| 
| 
" 
| 


PEPTONISED MILK. ? 55 


by the phosphotungstic acid method, the directions given by Hoppe- 
Seyler being followed exactly’. | 

The solution was made strongly acid with HCl and then excess of 
phosphotungstic acid added. The precipitate so formed was then well 
washed with 5 p.c. H,SO, and then decomposed by Ba (OH), the excess 
of this reagent being eliminated by very careful addition of H,SO,. 
The filtrate from this precipitate which should contain all the albumoses 
and peptones if they are completely precipitated by phosphotungstic 
acid, as is usually supposed (together with traces of salts also precipi- 
tated, but which in this case would be very small), was then evaporated 
down, precipitated with alcohol, filtered, dried and weighed. | 

The following astonishing result was obtained : 


That 90 c.c. peptonised milk, corresponding to 71 c.c. milk, contain 
‘262 gr. albumoses and peptone, | 

While the weight of the albumoses alone, estimated in the other 
half of the solution by the ordinary AmSO, method, as described 
before, amounted to 599 gr. 


Obviously then either I must have made some mistake in the 
phosphotungstic estimation or the albumoses cannot be precipitated at 
all completely by this reagent, for that peptones are nearly entirely 
precipitated by it has been shown by Kühne“. Feeling sure however 
that I had made no mistake in the estimation, I determined to take a 
given weight of albumoses and see whether they were really precipitated 
by phosphotungstic acid at all completely as was imagined by Hoppe- 
Seyler. Also it struck me that the amount precipitated might vary 
accordingly as HCl, as recommended by Hoppe-Seyler, or H,SO, as 
used by Kühne, was made use of to acidify the solution. 

Accordingly two equal weights of von Witte’s peptones, an almost 
pure proteid preparation, which consists almost entirely of albumoses 
not peptones, were weighed out. “A” was made strongly acid with HCl, 
„B“ with 6 p.c. H,SO,, and then the method as described by Hoppe- 
Seyler was followed exactly. The result was as follows: 


A (HCl) 5505 gr. albumoses taken yielded 218 gr. 
B (H,S0,) 5505 gr. albumoses taken yielded 202 gr. 
Giving a mean of ‘210 gr. 


? Hoppe-Seyler. Handbuch der physiologisch- und pathologisch-chemischen Analyse, 
p. 288 (Edition v. 1883). 


Zeit. J. Biol. XX. 1886, p. 450. 
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Allowing for experimental errors these two results agreed very well 
together, and showed that it did not matter at all whether HCl or H,SO, 
was used to acidify, but that in both cases considerably less than 
half the weight of albumoses originally taken could be re- 
gained by this method, showing most probably that phosphotungstic 
acid is incapable of precipitating albumoses at all completely, as has 
been hitherto supposed: 

It was impossible however to put this directly to the test and to 
prove whether any albumoses still remained in solution after the 
separation off of the phosphotungstic precipitate, since the ordinary 
tests cannot be applied in the presence of this acid. 

The immediate result however of this discovery was to show me that 
this method, by which I had been attempting to estimate the peptones, 
was valueless. Relying however on Kiihne’s statement that peptones 
were precipitated almost completely by phosphotungstic acid, a third 
method suggested itself to me. 

(c) I determined to precipitate the albumoses in a given volume of 
milk by means of AmSQ, and then eliminate this reagent by means of 
Ba (OH), the BaSO,, being then filtered off. The peptones present were 
then to be separated from the leucin and tyrosin, Na,CO, and other 
bodies by means of phosphotungstic acid. This method promised to be 
very laborious, as much (NH,),SO, would of course have to be used 
to wash out all the peptones from the albumose precipitate, but if 
carefully followed out, there seemed no reason why it should not give a 
good result. Two objections may be urged against it: 

(1) That the phosphotungstic acid will precipitate some of the salts 
in milk as well as the peptones. This source of error may however be 
neglected, for the precipitate which this reagent does actually give with 
milk after all proteids have been separated out is very small, and much 
of it will be entirely eliminated on the further addition of the barium 


hydrate. 


(2) The second objection is that the peptones which are obtained 
in this way always contain a very considerable amount of ash. This is 
always the case, even when the method is carried out with the very 
greatest care—the solutions being evaporated to a very small bulk 
before being neutralised to get rid of all excess of Ba(OH),—even then 
in my case the ash amounted to 6 p.c. This defect was also noticed by 
Kühne, his ashes varying from 1-9 to 10 p., whilst his last and purest 


Seit. f. Biol. xxII. p. 423. 
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peptones were only obtained after a long series of reprecipitations, which 
it is needless to say entailed considerable loss. 

Since however the other methods had all failed, I determined in 
spite of this defect to attempt the estimation of the peptones in the 
manner which I have just described. 

Accordingly, two portions of 180°5 c.c. peptonised milk (4 pint milk) 
were taken. These were evaporated down to a smaller bulk to avoid 
having to use more (NH,),SO, than should be absolutely necessary. 
They were then acidified with acetic acid, and the albumoses precipitated 
by (NH,),SO, (This also precipitated the small neutralisation pre- 
cipitate, for on some of the filtrate being now neutralised no precipitate 
appeared.) The solution was then filtered, and the albumose precipitate 
washed again and again with a saturated solution of (NH,),SO, acidified 
with acetic acid, until at last the filtrate failed to give the biuret reaction. 
The filtrate after each fresh washing was always tested for albumoses 
to be sure that the solution had been quite saturated. The albumose 
precipitate had however now got into a hard mass on the filter, and 
fearing that the interior of it might still contain traces of peptone, it 
was scraped off the filter and washed in a saturated solution of (NH,),SO, 
acidified with acetic acid, and then again filtered and washed till the 
biuret test again failed. This was again twice repeated, for the precipitate 
soon formed a solid mass on the filter paper owing to the crystallisation 
of the (NH,),SO, At the end of the third time I felt sure that all 
peptones had been extracted. But by this time a very considerable 
amount of (NH,),SO, had been used, and so to neutralise it very much 
Ba(OH), (saturated solution) had to be employed. Slight excess was 
added and the NH, then driven off by heating. The BaSO, precipitate 
was so large in amount that it would have been very difficult for the 
peptone solution to filter through it, had it been filtered in the ordinary 
way, and still harder to wash out the last traces of peptone from it. So 
the whole was collected into a larger beaker and water added again and 
again, the mass being well stirred at each addition. The precipitate 
was then allowed to sink, and the liquid above containing the peptones 
poured off. This was continued until the liquid gave not the smallest 
trace of the biuret reaction. It was then assumed in “A” that all the 
peptones had been extracted. In this however there was probably a 
slight error, for I afterwards found in “B” that though the biuret 
reaction had ceased to work the xanthoproteic test still showed the 
presence of proteids. Accordingly in “B” more water was added than 
in “A,” about 15 litres in all, and then at last the precipitate was put 
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on to a large filter, and the last traces of liquid allowed to drain through, 
which after many hours they did. The precipitate was then again 
washed with distilled water, the filtrate being added to the general pep- 
tone solution. 

This solution, which now contained the whole of the peptones, was 
evaporated to a small bulk, and made strongly acid with 10 p.c. H,SO, 
so that the whole solution contained at the end 6 p.c. H, SO, as recom- 
mended by Kühne“. Then great excess of phosphotungstic acid was 
added, and the solution allowed to stand all night, to be sure that the 
whole of the peptones should be precipitated. Next day a little more 
phosphotungstic acid was added, but no fresh precipitation occurred, 
proving that enough had been added. The solution was then filtered 
and the precipitate washed several times with 5 p.c. H, SO,, until the 
filtrate was quite colourless, showing that all the phosphotungstic acid 
had been washed out. The precipitate was then washed into a beaker 
and excess of a hot saturated solution of Ba (OH), added, until the 
liquid was strongly alkaline. It was well stirred and left to stand all 
night to make certain of dissolving all the peptone. The solution was 
then evaporated down to a smallish bulk and neutralised with H,SO, 
fairly exactly as tested by litmus papers. The BaSO, was then filtered 
off, and the filtrate evaporated to a very small amount, and neutralised 
exactly, with the greatest care. The solution was then evaporated to 
dryness, and dried at 110—115°C. It was found unnecessary to pre- 
cipitate the peptones with alcohol, for they did not form a gummy | 
mass at the bottom of the evaporating dish, but presented a cracked 
appearance and were very brittle, proving that they were perfectly dry. 

Estimated in this way the quantity of peptones present was found 
to be as follows: 


A. 180 ce. peptonised milk 4095 gr. 


142 c. o. milk peptone 
| 4985 gr. 
B. ” ” ” peptone. 


Mean = 454 gr. 
giving a percentage of 3089 peptones in milk when it has been pepton- 
ised. 


The percentages therefore of the various proteid constituents of 
peptonised milk run as follows :— 


1 Zeit, f. Biol. XXII. p. 440. 
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x Neutralisation precipitate 0636 
Albumose precipitate 13900 
Peptone 3089 
Tuootal 17625 


Now though it is impossible to compare accurately these percentages 
with those of ordinary unpeptonised milk, since this latter varies so 
very much from time to time’, yet it should be noticed that the total 
amount of proteid found in the peptonised milk, even allowing for a 
certain amount now represented by leucin and tyrosin, is certainly 
somewhat less than that generally present in ordinary milk. 

This would suggest that my experiments have given too low a result, 
and very possibly this is the case, for it has been already pointed out 
that the percentage of albumoses is certainly a little too low (p. 53) 
and it is almost certain that the same must be the case with the 
peptones. For though the method described for estimating them was 
followed out with the most scrupulous care, and the results agreed very 
well together, yet the process was so lengthy that some little loss was 
unavoidable, 

Probably therefore my estimations both of the albumoses and pep- 
tones in peptonised milk have come out too low. This however will 
not vitiate the important point which I wish to bring out, namely, that 
the albumoses are the chief proteids present, though in this 
case there is a fair amount of peptone as well. 

Thus in all the preparations of peptonised food which have been 
examined, the same fact has been brought out—in none of them is 
the proteid chiefly in the form of peptone, though all contain 
this in greater or less quantity, but in all the albumoses are 
the chief proteids present. 

Hence the popular belief that peptonised foods relieve the digestive 
organs of all work can no longer be entertained. Their task has been 
considerably lightened, but the final step in digestion, the conversion of 
albumoses into peptone, has still to be effected in great part by them- 
selves. 


1 Cf. Schmidt-Miilheim. Pfliiger’s Archiv, 1882. Beiträge zur Kenntniss der 
Eiweiss-Körper der Kuhmilch.“ Landois and Stirling. Text Book of Physiology, 
Vol. 1. p. 408 and also Hermann. Handbuch der Phys. v. Pt. 1. p. 558. 
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PART II. 


The effect of the ingestion of peptonised milk on the nitrogenous 
metabolism of the body. 


Having thus answered the first question, which I had set myself to 
solve, I proceeded to investigate the second point, and to find out 
whether when a healthy person is dieted upon these peptonised foods 
the same great increase in the amount of uric acid excreted takes place, 
as was noticed in the clinical case before recorded to find out, that is to 
say, whether the ingestion of peptonised food is normally followed by a 
decrease in the amount of urea excreted and an increase of uric acid, 
and perbaps of other nitrogenous bodies as well, as the case recorded 
seemed to suggest’. And I may point out here that some derangement 
in the normal metabolism of the body might perhaps be expected to 
follow upon a diet of peptonised food. For the stomach and conse- 
quently the body then becomes suddenly loaded with peptones, and 
since this never occurs during life, as the peptones are always formed 
gradually and absorbed as soon as formed, it is possible that this ab- 
normal condition might disturb in some i the metabolic processes 
normally going on in the body. 

To prove this point I determined as bein | in every way a normal 
individual to diet myself upon peptonised milk, and then to com 
the excretion of urea, uric acid and total nitrogen when living on 
this diet with the amount of these bodies excreted when living on 
(1) milk and (2) normal diet. 

Should the nitrogenous metabolism of the body be really underanged 
then the urea should bear approximately the same proportion to the 


1 No experiments have as yet been made in this direction so far as I am aware. 
Papers“ have indeed appeared from time to time in which the authors have fed animals, 
chiefly dogs, on albumoses and peptones and then compared the amount of nitrogen 
excreted on this diet with that leaving the body on a diet of ordinary meat containing 
the same amount of nitrogen as the diet of albumoses and peptones, the object of the 
experiments being to decide whether peptones and albumoses had the same nourishing 
power, Nahrwerth,” as ordinary proteid, or whether they acted rather after the manner 
of gelatine, but no investigations have been carried on to decide whether these albumoses 

and peptones may not when ingested alter in some way the normal nitrogenous metabolism 
of the body. 

* Pollitzer. Efüger's Archiv, xxxvu. p. 801. 

Zuntz. Pfliiger’s Archiv, xxxvu. p. 324, 
Immanuel Munk. Therapeutische Monatshefte. Berlin. June, 1888, p. 276. 
Voit in Hermann’s Handbuch der Physiologie, Bd. vi. pp. coor 
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total nitrogen on all three diets, while the daily excretion of uric acid 
should not vary more than is usually the case with this body; but 
should the peptovised foods act in a deleterious manner and upset the 
normal metabolism then probably the uric acid, and very possibly other 
of those nitrogenous bodies usually found only in small quantities in the 
urine, such as kreatinin for example, will be increased in amount, while 
the urea will accordingly sink as compared with the total nitrogen. 
Before however being able to diet myself, it was necessary to decide 
on and practise myself in the methods of estimation which I should 
have to employ. The ones which I decided on were the following: 

I. For the estimation of the uric acid, I determined to use 
Salkowski’s method’. This is very laborious and tedious but by far 
the most accurate. The ordinary hydrochloric acid method was of 
course too rough, while Haycraft’s, though very much more rapid than 
Salkowski’s, is not nearly so exact, since there is no doubt that the 
silver precipitate does not possess a constant composition. The method 
as described in Salbowski's original paper was followed out exactly 
except as regards the following point—In his description of the method 
Salkowski recommends “ 36 hours or longer” as the time to be allowed 
for the crystallisation out of the uric acid. In Hoppe-Seyler's 
account however 24 hours is said to be long enough, and this I have 
myself found to be correct, for I have never obtained any further de- 
posit of crystals if the mother liquor was kept longer, after filtering off 
the first crop at the end of 24 hours. This was therefore the time that 
I allowed for the crystallisation in my experiments. The urine was 
kept fresh by means of HCl, sp. gr. 1124, 10 c.c. to a litre of urine; or 
by alcohol and chloroform, 10 c.c. of the former and 2°5 e. c. of the latter 
to 1000 c.c. urine, 


II. For the estimation of the urea I decided to use Pfliiger’s 
modification of Hiifner’s method’, This as Pflüger shows is very 
accurate, giving only a mean error of +1°3 p.c. whereas Hüfner's 
method itself often gave an error of + 10 p.c. owing to the hypobromite 
decomposing other nitrogenous bodies besides the urea. These in the 
modified method are precipitated by the addition of phosphotungstic 
acid and thus eliminated. A Dupré’s apparatus was used in these 
experiments in which I had substituted a collecting tube of smaller 


1 Salkowski. Pfliiger’s Archiv, v. p. 210, also Hoppe-Seyler. Phys. und path. 
chem. Anal. (1888), p. 878. 

* Archiv fiir Physiologie, Pflüger, XXIII. p. 143. Bestimmung des Harnstoffs mit 
Bromlauge von Pflüger und Bohland. l 
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diameter for the one usually sold, in order to render the on more 
accurate. 

The apparatus was first carefully tested with a 5 p.c. solution of 
pure urea to find “the error of the apparatus.“ My experiments gave 
a result which agreed very well with that obtained by all former ob- 
servers who have used this apparatus’. The nitrogen which is not 
evolved amounts to exactly 8 p.c. 

Pfliiger in the paper before quoted shows that the error is the 
same whether the urea solutions used are 1 p.c., 5 p.c. or 25 p.c. Now 
the percentage of the urea in the samples of urine analysed in these 
experiments did not vary beyond these limits. Hence the error for all 
was the same. 

The observed volume of nitrogen evolved was reduced to standard 
temperature and pressure by means of Hiifner’s formula 


72 ( — 50 
760 (1 + 003665) 


III. Total nitrogen. 


This was estimated by Kjeldahl's method', or rather the slight 

modification introduced by Kreusler, in that it was found best to use 
1 from the commencement a solution consisting of P, O, and H, S0. (in the 
1 proportions of 50 grms. P. O, to 200 C. c. H,SO,) instead of the Nordhausen 
a} acid as recommended by Kjeldahl In all other respects the method 
| was followed out exactly. 
Care was of course taken to have the reagents perfectly pure and 
| free from nitrogen. The ordinary potash sticks of the Laboratory were 
| found to be quite useless and accordingly NaHO purified by alcohol was 
used. This with recrystallised KMnO, pure P, O, and pure H,SO, gave 
off absolutely no NH, when a control experiment was made with some 
sugar. 

The urine was kept fresh in the same way as that set apart for the 

uric acid estimations, except that in the case of the peptonised-milk- 
| diet-urine H,SO, was used instead of HCl. The total nitrogen was 


| estimated in the urine alone, that of the feces being neglected, since 
| | the amount so passing away is small and fairly constant in amount, and 

| any variations in it from day to day would certainly be insufficient to 


| 1 Noél Paton. The Practitioner, March, 1886, p. 172. So also Leconte, Mehu, 
| Foster, and Russel and West. 

* Zeits. Anal. Chem. xx. S. 366—382. For the convenience of English readers vide 
also Dittmar, Quantitative Chemical Analysis, p. 83. 
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cause more than a very trifling change in the relation of the urea to the 
total nitrogen. 

Having then made myself familiar with the methods which I 
intended to employ, I proceeded to diet myself. It appeared to me that 
if I lived for three days on milk and three days on peptonised milk 
these would be amply sufficient for the purpose of comparison. For if the 
peptonised foods really acted in a harmful manner then it seemed to 
me quite certain that by the end of the third day there would be some 
marked change in the curves obtained. But if at the end of this time 
everything was quite normal then I should be at liberty to conclude 
both that they themselves had been digested and metabolised in the 
ordinary way, and also that they had exerted no harmful influence at all 
on the metabolism of the body. 

It might however be urged that the sudden change from a normal 
to a liquid diet would of itself derange the metabolism, and that there- 
fore the diet should continue for more than three days to enable the body 
to become accustomed to the change. This objection did not seem to 
me to be of much weight, since I am usually in the habit of drinking a 
good deal of liquid. Still however I determined to live on the milk 
diet first, to see whether the liquid nature of the diet itself produced 
any effect. Accordingly I did so on July Ist, 2nd, and 3rd, and finding 
that I continued in perfect health, and not having the slightest symptom 
of diarrheea, or apparently any disturbance of metabolism whatever, I 
concluded that the liquid nature of the diet produced of itself no effect, 
and that three days would therefore be quite long enough to continue 
the peptonised diet. Accordingly, for three days I lived on peptonised 
milk and then after a break of five days, feeling perfectly well, for three 
days on milk’. In neither case was any other food or drink taken, 
except five thin arrowroot biscuits each day, weighing in all just 
over one ounce. These biscuits contain practically no nitrogen, and 
were merely taken so as not to cut off solid food entirely. At first 
perhaps they were necessary, as the purely liquid food was trying, but 
as I became accustomed to it, the biscuits might have been dispensed 
with. To make the conditions exactly similar during both diets, the 
same short walk was taken each day, and one cigarette only smoked. 

Five days after the cessation of the milk diet the urine was again 
collected for three days, constituting the period of “normal diet.” 


i The ud dist experiment having had to be repeated, the second dieting came after 
the peptonised diet. 
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During this time no restriction was placed on my diet, and I lived as I 
am usually accustomed to do. 

The urine was in all cases collected from 8 a.m. on one day to 8 a.m. 
the following day. 

When living on the milk diet I allowed myself five pints of milk a 
day. This was taken in four portions, a pint at breakfast, a pint at 
lunch, a pint in the afternoon, and two pints in the evening. This gives 
a diet which corresponds approximately with the normal diet of Ranke. 
The proteids and fats will be slightly in excess of that taken by him, 
the carbohydrates considerably below. 


Ranke. 100 gr. proteid ......... 108 gr. Milk diet 
„„ 
240 gr. carbohydrate...143 gr. „ 


On this diet I lived very comfortably, and felt perfectly well 
throughout, except that in the early morning and evening, I felt 
exceedingly tired, due doubtless to the fact that all stimulants, even tea, 
were now cut off. There was never the slightest suspicion of diarrhea, 
and the stools were normal in amount, and whitish in appearance, due 
doubtless to the large amount of fat ingested. On this diet during the 
three days I lost three pounds. 

When dieting myself on the peptonised milk more than five pints had 
to be taken, both because five pints of milk did not seem quite enough, 
judging from the loss in weight on the milk diet, and also because a 
certain amount of the proteid in milk has in the peptonised milk 
passed into leucin and tyrosin, and therefore become useless for 
nutrition. Accordingly 73 pints of milk were now taken. This when 
peptonised makes a total value of 5325 c.c. liquid as compared to the 
2840 c.. taken during the milk diet’. 

On this diet again I felt perfectly well, except that I felt as on the 
milk diet, dreadfully tired, but not more so than when on that diet. 

On the first day I found the bitter taste of the milk exceedingly 
disagreeable, but after this I became quite accustomed to it. 


1 The milk was taken at about the following times each day. 
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Breakfast 1000 b. o. 

| 12.30 500 Ce. 

1.30 500 c. c. 

8.0 1000 c.c. 

5.0 500 e. c. 
8.50 1825 c.c. 
| 5525 
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There was never on this diet the slightest suspicion of diarrbœa— 
the stools were also white as before and apparently normal in amount. 
During the three days I lost 14 pounds. } | 

So far then the peptonised foods did not seem to have produced any 
harmful effect, and from the accompanying table, which shews clearly 
the result of my analyses, it will be seen that this was really the case. 


Given in more detail my analyses are as follows. 


Uric Acip. 
Normal Diet. 


July 30. Total vol. urine = 1680 c.c. 
Exp. I. 200c.c. urine = 0875 0865 
Exp. II. 200cc. urine = 0855 gr. 220 

= ‘7266 gr. excreted this day. 

July 31. Total vol. urine = 2475 C. e. 
Exp. II. 200c.c. urine = ‘0520 gr. * 

= 6342 gr. excreted this day. 

August 1. Total vol. urine = 1440 c. c. | 
Exp. I, 200 c.c. urine = 1070 gr. 1065 
Exp. II. 200 urine = 1060 

= 7668 gr. excreted this day. 


Milk Diet. 


July 23, Total vol. urine = 1490 c.c. 
Exp. I. 200 c. c. urine = 0580 gr. 0595 
Exp. II. 200 urine = 0610 4 
= 4432 gr. excreted this day. 
July 24. Total vol. urine = 1530 c. e. 
Exp. I. 200c.c. urine = 0445 gr. 0435 
Exp. II. 200c.c. urine = 0425 4 
= 3327 gr. excreted this day. 


July 25. Total vol. urine = 1340 c. c. 


Exp. II. 200c.c. urine = 0525 gr. 28 * 


3467 gr. excreted this day. 
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t 
7 * 
~ 
* 
* 
| 
4 
* 
— 
— 
5 
* 
* 
* 


1¢-C1 N | 
918. 1 38-81 8994. pee | ZZ01 | OFFI [ wusny 
ies · l | 8781 8604 
les. 1 oo ce 20-61 prow | CIOL | Ig An 
118. 1 81.82 0¢-81 99ZL- poe | OZOr 0891 og 
91-91 N . 
59.56 197. poe | IFOI | ZI OL 8 Hu 
C6-F1 || 99-FI N gpl. | 
GO-ZE ie y P6101 st OL} Ame 
90. l N 
61.05 pow | 6101 0671 I1 es 
‘LAIG WIIN Ol 61 Ane 
| 
998. 1 89.96 89.61 40 souojded g. 9818 | Fer OL | gt An 
|| 69-91 N — | 
598.1 898.1 le. 99.96 1428. der. 987 11 21 Ame 
uo ysour 
| sezeydsoyd 
188.1 18· 88.81 |snoydioue jo | e | fo 1191 
vonn N “13 “13 “Op 8 SBM | 
vonn pus usgorü dun 
104 


WIA dasINOIdAd 


| 
| 
if 
| 
| 
| 
| 
| 
| 
| 
| 
| 


-PEPTONISED MILK. 67 


Peptonised Milk Diet. 


July 16. Total vol. urine = 3360 c.c. 
Exp. I. 300 c.c. urine = 0345 gr. 
= ‘3864 gr. excreted this day. 
July 17. Total vol. urine = 3486 c.c. 
Exp. I. 400c.c. urine = 0475 
Exp. II. 400 C. o. urine = 0485 gr * 
= 4139 gr. excreted this day. 
July 18. Total vol. urine = 3785 c. o. 
Exp. I. 200c.c. urine = 016 i 0175 
Exp. II. 200 c., urine = 019 gr. ie 
= ‘3311 gr. excreted this day. 


ToTaL NITROGEN. 
Normal Diet. 


July 30. Total vol. urine = 1680 c. c. 
Exp. I. 5 c. e. urine = 4819277 c.c. true urine’ = 05334 gr. N. 
Exp. IT. 05285 gr. N. 
Difference 000 19 gr. N. Mean 053095 gr. N. 
= 18°50 gr. Total Nitrogen. 
July 31. Total vol. urine = 2475 c. o. 
Exp. I. 666 Cc. c. urine (} of 20 0.0.) = 6-597 c. o. true urine = 050995 gr. N. 
Exp. II. 666 c. o. urine (3 of 20 c.c.) = 6.597 e. c. true urine = 050435 gr. N. 
Difference 00056 gr. N. Mean 050715 gr. N. 
= 19-02 gr. Total Nitrogen. 


August 1. Total vol. urine = 1440 e. c. 
Exp. I. 3-75 c. o. urine (I of 15 ¢.c.)= 3.701923 0. c. true urine = O48615gr. N. 
Exp. II. 3-75c.c. urine (T of 15 ¢.c.)=3-701923 c. o. true urine=-048160gr. N. 
Difference 000455 gr. N. Mean 0483875 gr. N. 
= 18°82 gr. Total Nitrogen. 


NOTE.—Only one experiment could be made on July 16th, for owing to the carelessness 
of the attendant, the bottle containing the chief part of the urine for the day was broken, 
leaving me only just over 300 c.c., and it seemed to me better to make one determination 
with this volume than two with 150 c.c., since with so small a quantity the error would 
certainly be great. The uric acid was estimated in the urine of July 18th first, and finding 
the quantity in 200 C. c. so small I had intended to use 400 ¢.c. on the other days, but, as 
I have shewn, I was unable to do this on July 16th. 

1 After the subtraction of the antiseptic added. | 
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Peptonised Milk Diet. 


July 16. Total vol. urine = 3360 c.c, 


Exp. I. 10c.c, urine = 980392 C. c. true urine = 055195 gr. N. 
Exp. II. „ 1 054705 gr. N. 
Difference 00049 gr. N. Mean 05495 gr. N. 
= 18°83 gr. Total Nitrogen. 
July 17. Total vol. urine = 3486 c. o. 
Exp. I. 7-5c.c, urine = 735294 0. o. true urine = 040845 gr. N. 
Exp. II. * 041300 gr. N. 
Dees 000455 gr. N. . 0410725 gr. N. 
= 19°47 gr. Total Nitrogen. 
July 18. Total vol. urine = 3785 C0 
Exp. I. 7-4c.c. urine (205 c. 0. 200 c. o. true urine) = 03752 gr. N. 
Exp. II. 7:4 C. c. urine (205 Cc. o. 200 e. e. true urine) = 037 464 gr. N. 
Difference 000056 gr. N. Mean 037492 gr. N. 
= 19°63 gr. Total Nitrogen. i 


UREA. 
Normal Diet. 


July 30. 100 0.0. urine = 300 0. c. mixture’. Total vol. urine = 1680 e. e. 
bein I. 5 0. c. mixture = 11°96 c. c. N. 19°6 T. 
764˙27 B. 109724 C. c. (0° + 760). 
Exp. II. 5c.c, mixture = 11°84¢.c, N. 17°3 T. 
760-46 B. = 10°9254c.c. (0° + 760). 
Mean vol. 10°9489c.c. Difference 047009 c. o. 
Corrected vol, 11-9009 c.c. Urea = 32°18 N. = 15-01 gr. 


July 31. 100cc. urine = 300c.c. mixture. Total vol. urine = 2475 c. c. 
Exp. I. 5c.c, 215 T. 761-22 B. 
= 79202 c.c. (0° + 760). 
Exp. II. 5c.c, mixt,=8°690c.N. T. 761-22 B. 
= 7°84649 c. c. (0° 760). 
Mean vol. 78833 c. o. Difference 0737 c. o. 
Corrected vol. 8:5688c.0c. Urea gr. N. 15-93 gr. 


August 1. 300 c. c. mixture = 100 C.. urine. Total vol. urine = 1440 c.c. 
Exp. I. 5 Cc. 0. mixt. c. c. N. 192 T. 75564 B. 
= 13°0285 (0° 760). 


and phosphotungstic acid) to the urine, in the proportion of 2: 1. 
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Exp. II. 5c.c. mixt. 1447 ce. N. 213T. 761-48 B. 
1311540. (0° + 760). 
Mean vol. 13°07195 c.c. Difference 0869 c. o. 
Corrected vol. 1420864 c. o. Urea = 32°93 gr. N. = 15°37 gr. 


Milk Diet. 
July 23. 100c.c, urine = 300 c. e. mixture. Total vol. urine = 1490 0.0, 

Exp. I. Sec. mixt,=1252c0.N. 185T. 762-49 B. 
= 11°5188 (0° + 760). 

Exp. II. mixt.=1257ec.N. 180T. 762-24B. 
= 11-5885 c.c. (0° + 760). 

Mean vol. = 11-5536 c. c. Difference 0696 c. c. 
Corrected vol. 125582 c. Urea gr. N. 1405 gr. 


24. 100 C. c. urine= 300 c. e. mixture. Total vol. urine - 1530 c. o. 
Exp. I. 5c. mixt. 1274 cc. N. T. 765-03 B. 
= 11°7778 (0° 760). 
Exp. II. 5c.c. mixt.=1267¢0c.N. 186T. 765-03 B. 
= 11-6909 (0° + 760). 
Mean vol. = 11-7343 c. e. Difference -0869 c.c. 
Corrected vol. = 12-7546 c. c. Urea = 3141 gr. N. = 14°65 gr. 


July 25. 100c.c. urine = 300c.c. mixture. Total vol. urine = 1310 cc. 
Exp. I. 5e.c. mixt.=16-°08cc.N. 194T. 765-03 B. 
= 14°7807 c.c. (0° + 760). 
Exp. II. 5. mixt. 1611 N. 199T. 764-78 B. 
147678 c. c. (0° + 760). 
Mean vol. 147 7423 c. c. Difference 0129 c. o. 
Corrected vol. 16°0589¢.c. Urea gr. N. - 16˙16 gr. 


Peptonised Milk Diet. 


July 16. 100c.c. urine = 200c.c. mixture. Total vol. urine = 3360 c. o. 
Exp. I. 5 c. c. mixt.=939ec.N. 19°7T. 761˙99 B. 
= 8-5838 c.c. (0° + 760). 
Exp. II. 5cc. mixt.=9-450ec.N. 191 T. 762-49 B. 
= 86694 c.c. (0° 760). 
Mean vol. = 8°6266 c. c. Difference -0856 c.c. | 
Corrected vol. 9°3767 c. o. Urea = 33°81] gr. N. = 15-77 gr. 
July 17. 100 cc. urine = 200c.c. mixture. Total vol. urine = 3486 c.c. 
Exp. I. 5 c. c. mixt. 9°59e.c.N. 202 T. 763-585 B. 
= 8°7641 c. c. (0° + 760). 
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Exp. II. 5 C. 0. mixt. 9.54 C. N. T. 763-26 B. 
87274 c. 0. (0° 760). 
Mean vol. = 8 · 457 c.c. Difference 0367 c.c. 
Corrected vol. 9°5062c.c. Urea - 3556 gr. N. = 16°59 gr. 


July 18. 100c.c. urine = 200c.c. mixture. Total vol. urine = 3785 c. o. 
Exp. I. 5c.c. mixt.=9-08e.c.N. 20:1T. 763-00 B. 
= 82956 c.c. (0° + 760). 
Exp. II. 5cc. mixt.=90lec.N. 190T. 762-75 B. 
= 82726 c.c. (0° 760). 
Mean vol. = 8.2841 c. o. Difference 0230 c. c. 
Corrected vol. 9.0044 c. Urea 36˙58 gr. N. 17 05 gr. 


These experiments then seem to shew conclusively that the inges- 
tion of albumoses and peptones even in very large quantities does not 
derange in the least the nitrogenous metabolism of the body. For as 
regards the excretion of urea, it is seen that this body bears almost 
exactly the same relation to the total nitrogen on the peptonised as on 


the normal diet, the mean relation being :-— 


N : Urea 
1 : 821) normal diet and 


) 
1 : 852) on a peptonised diet. 

So far then from there being a diminution in the excretion of urea, 
there is actually a slight proportional increase on the peptonised diet, 
more and not less of the nitrogen in the body leaving it, in what must 
be regarded as the normal manner’. 

As regards the uric acid, here again it is at once obvious that so far 
from there being a great formation of this body owing to the ingestion 
of the peptonised foods, the amount excreted per diem is exactly the 
same as that excreted on a milk diet, though a good deal less than that 
formed on a normal diet,—that is to say, that all other conditions being 
the same, the ingestion of peptones and albumoses makes no appreciable 
difference in the amount of uric acid excreted. 

These two series of comparisons thus mutually bearing out each 
other, must, I think, be taken as a conclusive proof that the peptonised 
foods are assimilated as usual and in no way derange the metabolism of 
the normal body. 

? At the time when these experiments were conducted I was prevented by want of 
time and other circumstances from estimating the total nitrogen on the milk diet, but 


the results so far obtained seemed worth recording, ee 
have wished. 
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The cause of the great output of uric acid in the clinical case before 
recorded, and which formed the starting point of this investigation, 
cannot of course as yet be known with certainty, but that it was not due 
to the direct unaided action of the peptonised foods, my experiments 
seem to prove. 

The two conclusions then, which may be drawn from this investi- 
gation, are as follows :— 

(1) That the so-called peptonised foods consist really for the most 
part of albumoses, though containing also a varying amount of true 
peptone. They cannot therefore entirely relieve from work the diges- 
tive organs. 

(2) That the ingestion of large quantities of albumoses and pep- 
tones does not disarrange in the least the metabolism of the normal 
body, for in addition to remaining in perfect health in every way, when 
dieting myself upon them, the uric acid excreted was found to remain 
normal in amount, and the ordinary relation of urea to total nitrogen to 


be unchanged. 
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THE INFLUENCE OF BILE ON THE FAT-SPLITTING 
PROPERTIES OF PANCREATIC JUICE. By B. K. 
RACHFORD, M. D., Clinician to Children’s Clinic Medical College 
of Ohio, Cincinnati, O. Plate I. 


In the spring and summer of last year, in the Berlin Physiological 
Laboratory, I made a study of the fat-splitting properties of pancreatic 
juice and read a paper on this subject before the physiological section 
of the Tenth International Medical Congress. The complete and more 
detailed presentation of this work is the object of this paper. 

The short paper on emulsion, apart from any interest or value that 
may attach to this portion of the paper itself, is of importance because 
of its bearing on the methods used in the study of pancreatic juice. 


Emulsions. 


In 1870 E. v. Brucke! announced the fact that when rancid oil“ 
is shaken with a solution of sodium carbonate and certain other alkaline 
fluids an immediate emulsion results. He believed that the oil was 
broken into fine globules by the shaking and that the soap formed 
served to hold the emulsion by preventing the union of the oil globules. 

In 1878 Johannes Gad’ called attention to the fact that when oil 
containing the proper percentage of fatty acid was placed on the surface 
of a carbonate of sodium solution a beautiful spontaneous emulsion 
resulted, and from this he held that neither shaking nor any other 
outside mechanical force was necessary to the formation of an emulsion, 
but that the chemical force developed by the soap formation was of 
itself sufficient under favourable circumstances to break the oil drops 
into the finest emulsion globules. There is but little room for doubt, 
I think, that Gad is right in this opinion. In fact the only question 
which might arise is whether the force developed by the soap formation 

1 Sitzungsbericht der Wiener Acad. der Wissensch., Bd. uxt., 1. Abth., p. 362. 
By rancid oil is meant oil containing fatty acid. 
Archiv fiir Anat, u. Physiol., 1878, p. 181. 
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is not a physical (Quincke) rather than a chemical one. Gad also 
believed with Brucke that the soap formed had much to do with 
holding the emulsion, and this proposition is, I think, now everywhere 
accepted, although opinions differ widely as to the manner in which the 
soap acts in bringing about this result. | 

I wish here to call attention to the method used by Gad in his 
study of spontaneous emulsion, since this method is the basis of the 
methods used by me in the study of the fat-splitting properties of 
pancreatic juice. 

A }°/, carbonate of sodium solution is placed in a series of watch- 
glasses, and drops of oil containing different percentages of fatty acid 
are gently placed, by means of a pipette, on the surface of the fluid in 
the watch-glasses. The amount of spontaneous emulsion in the various 
glasses is carefully noted and compared, and in this way one can readily 
ascertain the percentage of fatty acid required to give the best emulsion. 

It must, of course, be remembered in this connection, that the 
percentage of fatty acid required to give the maximum amount of 
spontaneous emulsion will vary with other conditions: such as tempera- 
ture, strength of soda solution etc., and that therefore only experiments 
made under similar conditions can be compared. By this method Gad 
observed that under otherwise similar conditions a certain definite 
percentage of fatty acid must be present in oil to give the maximum 
amount of spontaneous emulsion. For example, he found that with 
a 1% carbonate of sodium solution at room temperature, about 54°/, of 
fatty acid was required, and that with increasing or diminishing per 
cents. of acid above or below 5} per cent. he got less and less emulsion, 
until finally there was no emulsion at all. A very little more or less 
than 5} per cent. of acid gave an incomplete emulsion. He found, 
therefore, that the limits of good spontaneous emulsibility were not 
only constant but also quite narrow, and upon these important facts 
depends the value of his method. | 

We have in Gad’s method a simple and accurate means of de- 
termining the proper percentage of fatty acids for giving the best 
spontaneous emulsion of any given oil under given conditions. 

After repeating the experiments of Gad and confirming his obser- 
vations I devoted considerable time to the study of the influence of 
shaking and other outside mechanical means on the formation of emul- 
sions. 

The oil used almost exclusively in my experiments was olive oil 
that had been neutralized by shaking for two hours with a saturated 
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solution of barium hydrate at a temperature of 95°C. and then pipetted 
and filtered. Oil freshly prepared in this manner will be found practi- 
cally neutral, and the term neutral olive oil as used in this paper always 
refers to such oil. 

The stirring was done chiefly by currents of air carried from a 
blowing machine, into the liquids to be stirred by means of rubber 
tubing and glass rods. This method is not only more convenient but 
it has other advantages over the ordinary one of shaking the tube. 

My experiments led me to the following conclusions :— 

Ist. No amount of stirring will give a permanent emulsion of 
either neutral olive oil or of rancid olive oil in distilled water. (Frey 
found differently.) 

2nd. No amount of stirring will give a permanent emulsion with 
neutral olive oil and a }°/, carbonate of sodium solution. 

3rd. Shaking rancid oil and a }°/, carbonate of sodium solution 
gives a good permanent emulsion, even though the oil contain a very 
small or a very large percentage of fatty acid. 

From the above observations we see that when the conditions for 
soap formation are present, shaking very much widens the range of 
good emulsibility and promotes the formation of a good permanent 
emulsion, but when the conditions for soap formation are not present, 
the shaking has no influence whatever. 

In our study of emulsions we must remember that two things are 
necessary to the formation of a good permanent emulsion. 

Ist. The oil must be broken into very fine globules. 

2nd. These globules must not only be prevented from running 
together, but they must also remain rather uniformly distributed 
throughout the liquid. Now since we know that soap and certain 
other materials, as albumen and mucilage, have the power of holding 
emulsions, it would seem an easy matter to make a mechanical emul- 
sion by shaking neutral oil in a solution of soap, albumen or mucilage ; 
but such in truth is not the case. In my experiments with soap solution 
and neutral olive oil I found that in very heavy solutions of soap, by 
violent and prolonged stirring, I could get only an imperfect emulsion, 


one in which the oil globules were larger and more variable in size than 


those formed by spontaneous emulsion. 
These mechanical emulsions do not approach in perfection a physio- 
logical emulsion, such as milk; and they can be formed only in very 


1 Archiv fiir Anat, u. Physiol., 1881, p. 882. 
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viscous liquids and with such great mechanical force as to place them 
beyond the pale of physiological importance. 

For the study, therefore, of the influence of stirring in the formation 
of good permanent emulsions, such as may have some physiological 
importance, we must return to the experiments already noted, where a 
moderate amount of stirring very much hastened and promoted the 
formation of good emulsions when the conditions for soap formation 
were present, 

The influence of stirring under such circumstances may, I think, 
be explained as follows. When too little acid is present for the forma- 
tion of a good spontaneous emulsion, the shaking or stirring simply 
favours the emulsion by promoting soap formation. It breaks the oil 
into a number of small globules which are constantly presenting new 
surfaces to the surrounding alkaline fluid, thus enabling the soda to 
combine with all the fatty acid present, in the formation of soap, and 
the chemical force thus liberated by the soap formation becomes an 
important factor in the breaking of the oil drops into the fine emulsion 
globules, just as it does in pure spontaneous emulsion. 

When too much acid is present for good spontaneous emulsion, the 
process is brought to a stand-still by the formation of a heavy soap 
membrane between the oil drop and the alkaline fluid, thus preventing 
further soap formation. Under these conditions, shaking breaks the 
oil drop and consequently the soap membrane, thus constantly present- 
ing new surfaces of oil to the surrounding alkaline fluid and in that 
way favouring soap formation and the resulting emulsification. We see, 
therefore, that while shaking may play a very important role in the 
formation of emulsions, its action is chiefly an indirect one, promoting 
emulsification by favouring soap formation, and that the chemical force 
liberated by this process is the force most active in breaking the oil 
drops into fine emulsion globules. From my experiments I formulate 
the following general law concerning the influence of stirring in the 
formation of emulsions. 

The amount of stirring required to give a good emulsion of oil in a 
1% carbonate of sodium solution will be in inverse proportion to the 
nearness with which the percentage of fatty acid in the oil approaches 
the proper percentage for giving the maximum amount of spontaneous 
emulsion. If the oil contains the exact percentage of fatty acid for 
giving the best spontaneous emulsion, then the shaking will be super- 
fluous, since a good emulsion will form without motion and no amount 
of shaking can improve it. If, on the other hand, the oil be entirely free 
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from fatty acid, then, as we have seen, no amount of shaking will give a 
good emulsion. Between these two extremes the above law applies, 
and shaking may contribute very largely to the formation of emulsions. 

In the application of the above principles we have a simple and 
convenient method of determining when an oil is practically free from 
fatty acid; viz., shake it with a }°/, solution of carbonate of sodium, 
and if there be no fatty acid present, the mixture rapidly clears, 

By the same method we may tell when we have fatty acid free from 
admixture with oil; viz. shake the fatty acid with the soda solution, 
and if oil be present we will have more or less milky whiteness, which 
is characteristic of emulsions; but if no oil be present, we will have a 
simple cloudiness due to the insoluble soap formed. From all that has 
been said, it follows as a logical conclusion that the energy required to 
make an oil emulsible will be in direct proportion to the stability of the 
oil molecule of the given oil. The more stable the oil molecule, the 
more energy required to split it into fatty acid and glycerine. It 
matters not whether the energy be in the form of heat or of organized 
ferments, bacteria, or of unorganized ferments as the fat-splitting 
ferment of the pancreas. 

During my experiments I found that heating neutral olive oil 
developed fatty acid and made it emulsible, and that if this heated oil 
be again neutralized it became non-emulsible, thus showing the emulsi- 
bility to be due to the acidity. I also found that the greater the heat 
and the longer applied, the more fatty acid was developed, so that 
boiled olive oil contained too much acid for good spontaneous emulsi- 
bility. 

It is an interesting fact that the acids freed by heating various oils 
seemed to have greater power in making them emulsible than a like 
quantity of oleic acid. This is especially true of castor oil. Castor oil 
is not made more emulsible by the. addition of oleic acid, but after 
boiling, it may be emulsified by shaking it with sodium solution, but it 
never becomes spontaneously emulsible; this latter fact Gad called 
attention to and thought it due to the viscosity of this oil. The 
stability of the castor oil molecule is shown by the great heat required 
to develop sufficient fatty acid to give an emulsion. These facts seem 
to indicate that the fatty acids of an oil are the fatty acids best adapted 
for giving emulsibility to this particular oil. 

It is a physiological fact beyond dispute that the splitting of fats is 
a most important preliminary step in fat digestion. That the cooking 
of fats will develop in them fatty acid is therefore a fact of considerable 
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physiological importance and one that, so far as I know, has not pre- 
viously been noticed. 

As I have previously intimated, it is my belief that the chemical 
force developed by soap formation is the chief factor in the formation of 
all physiological emulsions, that it plays quite as important a role in 
the formation of the emulsion as the soap does in holding it after it is 
formed. 

That soap has the property of holding emulsions is, I think, an 
undisputed fact, but the manner in which the soap acts is a question 
concerning which there has been much difference of opinion. In 
explanation of this difficult problem I wish modestly to express my 
belief in a theory of emulsions which is a modification of that offered 
by Gad. Gad believed that the fine globules of oil were coated as soon 
as formed, with insoluble soap particles which formed a protecting 
envelope that prevented the oil drops from running together. The 
modification which I offer is as follows: the chemical process of soap 
formation which breaks the oil into fine globules must develop con- 
siderable heat, this must necessarily have the effect of bringing a 
certain amount of otherwise insoluble soap into solution. This heat 
will necessarily be local and felt chiefly just at the point where the 
soap is formed, and all the surrounding liquid will be cooler. The soap 
therefore which is brought into solution by the heat either is pre- 
cipitated a moment later on coming in contact with cooler parts of the 
liquid, or it causes increased viscosity in the liquid. We may therefore 
say that the heat is developed, the soap formed and dissolved and the 
oil broken by the same force in the same place and at the same time. 
By this mechanism the oil globules are, as soon as formed, coated with 
a liquid soap which a moment later hardens about them in the form of 
soap membranes, These soap membranes at the moment of their 
formation are not as capable of holding the globules as they are later, 
when, on cooling, they become more resisting. If this theory be true, 
it would follow that an appreciable length of time must elapse after the 
formation of an emulsion before it reaches its highest degree of stability. 
And this in fact I find to be true, that the emulsions can be more 
easily destroyed at the moment of their formation than later, and it is 
only in explanation of this and other facts that the above theory is 
offered. The following conclusions I draw from my experiments, and 
some of them are best explained by this theory. 

Ist. If bile be present an emulsion cannot form, although all the 
conditions otherwise favourable to its formation be present. This fact 
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was pointed out by Gad, and he offered in explanation that the soap- 
dissolving properties of the bile prevented the formation of insoluble 
soap membranes, and that the unprotected oil globules ran together and 
came to the surface as free oil. 

And. Ik bile is added to an emulsion, the moment after it is formed 
the emulsion rapidly clears by creaming, but no free oil appears on the 
surface. Here it seems that the soap not in membranes is dissolved. 
This increases the specific gravity and diminishes the viscosity of the 
liquid, and as a result the soap-coated globules rise to the surface as 
cream ; why it is that the soap in the membranes more quickly acquires 
the property of resisting the solvent action of bile than the soap not in 
membranes I cannot say, yet this seems the only explanation of the 
above phenomenon. 

3rd. If bile be added to an emulsion some minutes after it has 
formed, it has no effect in destroying the emulsion. The above propo- 
sitions clearly indicate that an appreciable length of time must elapse 
after the formation of an emulsion before it reaches its highest degree 
of stability. 

4th. One-tenth per cent. nitric and sulphuric acid and one-fifth 
per cent. lactic acid solutions rapidly destroy emulsions, the free oil 
running to the surface. Acids destroy emulsions by combining with 
the base of soaps and freeing the fatty acids; the soap being thus 
destroyed, the liquid is much less viscous while the specific gravity 
is very little altered. The oil globules are therefore driven to the 
surface as cream, but if the acid be stronger, the soap in membrane is 
also destroyed, and free oil floats on the surface. The membrane soap 


is here found to be more resisting to soap destroyers than soap not in 


membranes. 

5th. Hydrochloric acid has a much less destructive influence on 
emulsions than has nitric or sulphuric acid, and lactic acid has a less 
destructive influence than acetic. 

6th. If sapo medicatus“ be shaken in a / nitric or sulphuric acid 
solution the soda of the soap will combine with the nitric or sulphuric 
acid and fine globules of free fatty acid will rise to the surface. Sapo 
medicatus is more easily destroyed by nitric and sulphuric acids than it 
is by hydrochloric acid. These facts strongly corroborate the opinion 
that acids destroy emulsions by destroying soaps. 


1 A soda soap made with olive oil acids. 
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The fat-splitting properties of Pancreatic Juice. 


Since the publications of Claude Bernard, physiologists have gené- 
rally believed that pancreatic juice has the property of splitting neutral 
fats into fatty acid and glycerine. Claude Bernard himself believed 
that the pancreatic juice had a twofold action on fats. In the first 
place, he said that when neutral oil and pancreatic juice were shaken 
together an instantaneous emulsion resulted. In the second place, 
that the prolonged action of pancreatic juice on neutral oil would de- 
velop fatty acid. He did not in any way associate these two processes 
and believed them to be due to entirely different properties of the juice, 
the emulsion being an instantaneous process and the fat splitting oc- 
curring only after considerable time. And these two processes are still 
described:as separate and distinct properties of pancreatic juice in some 
of our most recent text-books. But since the publications of Brucke 
and Gad, most German physiologists have associated these processes, 
believing that the emulsion was wholly due to the fatty acid which had 
been developed in the oil by the fat-splitting ferment and that the 
pancreatic juice contained no emulsion ferment; this opinion was a 
matter of inference from the works of Brucke, Gad and others, rather 
than from actual experiments with the juice itself. I have failed to 
find that any systematic work in this direction had been done with 
pancreatic juice since the days of Claude Bernard. Quite a number 
of attempts have been made, but the difficulties in obtaining a normal 
juice were so great that no extensive work bas been done and no im- 
portant fact added to our knowledge. But while almost no work has 
been done with the juice itself, an immense amount of work has been 
done with pancreatic extracts and infusions made from the gland. 
Physiologists have seemed to take for granted that, in studying the 
physiological properties of pancreatic juice, the juice itself offered no 
advantage over these extracts. In fact they seemed to believe from the 
great difficulty in obtaining a normal juice that the extracts were 
preferable, and our knowledge of the present day is based almost 
exclusively on experiments with the extracts, and but for the fact that 
they contain a fat-splitting ferment the time-honoured opinion of 
Claude Bernard would have carried but little weight. For these 
reasons, therefore, a systematic investigation into the fat-splitting 


1 Compt. rend. de Vacad. de Paris, T. xxvmt. Arch. général, 1849. Mémoire sur le 
Pancreas, Paris, 1856. 
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properties of the pancreatic juice seemed to offer a fertile field for 


work. 

Although in the beginning the obstacle of obtaining normal juice 
in sufficient quantities to prosecute this investigation seemed insur- 
mountable, yet I was fortunate enough to hit upon a method by which 
I could readily obtain from the rabbit a normal juice in sufficient 
quantities for experimental purposes. The operation for temporary 
pancreatic fistula in the rabbit is easily and quickly done as follows. 
Make an abdominal incision in the linea alba two and one half inches 
long. Bring the duodenum, which is readily found high up in the right 
hypochondriac region, through this opening, run down the gut to a 
point where the peritoneum binds it so closely that it will not come 
through the opening, and just at this point will be found the pancreatic 
duct as it runs through a leaf of the pancreas to the small intestine. 
Resect two inches of the intestine at this point, leaving its mesenteric 
attachment, tie the cut ends of the intestine above and below and drop 
them in the cavity, bringing the resected portion through the abdominal 
wound. The abdominal wound is now partially closed by stitches, 
leaving only sufficient opening for the mesentery running to the re- 
sected gut. This resected gut is now laid open opposite the mesenteric 
attachment and spread out on the abdominal wall. The ends of the 
gut are clamped and its margins packed with absorbent cotton to 
prevent bleeding. Insert a small glass canula through the pancreatic 
papilla into the pancreatic duct and cover the exposed mucous mem- 
brane with absorbent cotton saturated with common salt solution. The 
flow of juice begins at once and continues from four to six hours, In 
this manner about 1 c.c. of juice uniform and powerful in physiological 
action may be collected. This operation is a modification. of the 
Heidenhain permanent fistula operation’ and has the advantage of 
being simple and uniformly successful. | 

In my experiments I used the pancreatic juice of the rabbit, as it 
seemed quite impossible for me to obtain from the dog a normal juice 
in sufficient quantities for experimentation. The fat used was neutral 
olive oil. 

I worked for several weeks with very faulty methods before I hit 
upon the method which I afterwards used and which, I think, is ad- 
mirably adapted to the study of the fat-splitting properties of pancreatic 
juice. The foundation-stone of the method is the spontaneous emulsion 


Handbuch der Physiologie, Hermann, Bd. v. 
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method of Gad. We have previously seen how by this method we may 
determine when an oil has the proper percentage of fatty acid to give 
the best spontaneous emulsion under certain given conditions. After 
having established the conditions under which one can get a good emul- 
sion with a certain per cent (54) of fatty acid, it is evident that we can 
use this method for determining when an oil has this percentage of 
fatty acid, and since the completeness of the spontaneous emulsion will 
be in direct proportion to the nearness with which the quantity of fatty 
acid in the oil approaches this percentage, we have also a method of 
estimating the amount of increase of fatty acid in any oil by testing its 
spontaneous emulsibility from time to time. For example, let us sup- 
pose that we have a neutral oil in which fatty acid begins to develop, 
and that this process slowly continues until all the oil is changed into 
fatty acid and glycerine. If the test of spontaneous emulsibility be 
applied to such an oil by placing a drop of it from time to time on 
carbonate of sodium solution, we get at first no emulsion at all, and 
then with the development of some fatty acid a slight emulsion, then 
more and more with increasing quantities of acid until the maximum 
emulsion is reached, which indicates that about five and a half per cent. 
of acid has been developed. The emulsion then decreases with the 
further increase of acid until finally we get no spontaneous emulsion at 
all, which indicates about twelve per cent. of acid. Beyond this point 
the increase of acidity cannot be measured by spontaneous emulsion, 
but in this particular and under these circumstances the emulsion 
formed by shaking is of some value, for good emulsions may still be had 
in this way after too much acid has been developed for spontaneous 
emulsion. But the greater the amount of acid the more shaking is 
required to give a good emulsion, until finally when all the oil has been 
changed into fatty acid and glycerine we get no emulsion at all, but 
only a cloudiness due to the insoluble soap formed. In this method we 
have a simple means of approximately estimating the increase of fatty 
acid in an oil and of determining when all the oil has been changed to 
acid and glycerine. This method is not used to determine the exact 
quantity of acid which an oil contains, but is used rather to make a 
comparative estimate of the amount of acid in the same oil at different 
times and in different oils at the same time. 

This method is applied to the study of the fat-splitting properties of 
pancreatic juice in the following manner. Arrange a series of watch- 
glasses containing a }°/, solution of carbonate of sodium. Take a small 
test tube of 2 c.c. capacity and place in it 3 e.. of pancreatic juice and 
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twice as much neutral olive oil. Shake the tube and allow the juice 
and oil to separate, then pipette a drop of oil from the surface and place 
it on the soda solution in watch-glass 1. Again, shake the tube and 
allow the oil and juice to separate, then pipette as before, placing a drop 
of oil in watch-glass 2. Again shake and pipette as before, and repeat 
this process every three or four minutes until the experiment is completed. 
The beginning of the experiment and the time of each pipetting must 
be carefully noted. If the pipettings are three minutes apart, then the 
first drops of oil will have been exposed three minutes to the action of pan- 
creatic juice, the second drop six minutes, the third drop nine minutes, and 
so on. By the amount of spontaneous emulsion occurring in these drops 
when placed on the soda solution one can comparatively estimate the 
quantity of fatty acid they contain. For example, in an experiment such 


as I have just narrated one may find very little emulsion in glass 1, more 


in 2, a fair emulsion in 3, good in 4, and the maximum in 5, and then 
the emulsion gradually decreases. By such experiments as this the fat- 
splitting properties of pancreatic juice can be beautifully demonstrated, 
and an idea formed of the rapidity of its action. There is a possible 
element of error in this method which had better be spoken of here. 
It_would seem that the alkali of the pancreatic juice would combine 
with the fatty acids forming soap and in this way the oil would soon be 
emulsified in the juice itself and not separate after shaking. This 
would indeed be a serious drawback if it actually occurred, but in truth 
it does not occur until late in the experiment after we have obtained 
the information we sought by the spontaneous emulsion method. It is 
true that after a large quantity of acid has developed and by repeated 
shaking we get an emulsion of oil in the juice which somewhat inter- 
feres with the method. Although the sodium in the pancreatic juice 
exists in the form of a carbonate, it seems to be peculiarly associated 
with some other substance which interferes with its combining with 
fatty acid in the formation of soaps. This may be illustrated by the 
following interesting experiment. Place in a small test tube drawn out 
like a pipette equal quantities of pancreatic juice and neutral olive 
oil, 4 cc. each. Shake the tube and set aside for twenty-four hours. 
At the expiration of this time break the pipette point and allow the 
contents of the tube to escape slowly through the opening thus formed 
in the bottom of the tube. The pancreatic juice, being at the bottom, 
is the first to escape, and it is clear and strongly alkaline ; then comes 
the oil which formed the upper layer, and it is strongly acid. Here we 
have a rancid oil and an alkaline fluid in contact for twenty-four hours 
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with very little soap formation. This experiment clearly indicates that 
something interferes with the formation of soap from the alkalies of the 
pancreatic juice. This is a plausible explanation of why the element 
of error caused by soap formation does not interfere with the practical 


application of the method. But even the small element of error which 


is introduced by soap formation may be reduced to a minimum by using 
small quantities of juice and three or four times as much oil, and in 
that way the quantity of soda is greatly reduced and the action of the 
juice is but slightly retarded. This latter seems a strange statement, 
yet I have found in my experiments that within the limits named, the 
same quantity of juice splits large quantities of oil almost as readily as 
small. In passing, let me again call attention to the experiment above 
narrated as a simple and striking lecture experiment. The alkalinity 
of the juice and the acidity of the oil as it follows through the same 
opening may be demonstrated by litmus paper or solution. With these 
details as to method we are prepared to consider pancreatic juice and 
its action on neutral fats. 

Ist. The pancreatic juice of the rabbit is alkaline and remains so 
for some time after it is removed. On two occasions I tested juice that 
had stood exposed at room temperature for twenty-four hours and found 
it alkaline and physiologically active. Different specimens of pancreatic 
juice may vary in physiological activity. As a rule, the juice obtained 
from a fistula that has been acting several hours is not as active as juice 
from the same fistula obtained soon after the operation. 

2nd. If pancreatic juice be shaken with neutral olive oil, the oil 
rapidly takes on an acid reaction. That this acidity is due to fatty acid 
is shown by the facts that all the acid may be extracted with ether and 
the oil made emulsible by its presence. The gradual yet rapid develop- 
ment of fatty acid by the action of pancreatic juice on neutral olive oil 
may be beautifully demonstrated by pipetting drops of oil at intervals 
from the surface of a mixture of pancreatic juice and neutral olive oil 
and placing them on a 1% solution of carbonate of sodium in a series 
of watch-glasses. Soon we have a slight emulsion, then more and more 
until the maximum is reached, then the amount of emulsion becomes 
less and less as too much fatty acid is developed, until finally we have 
no spontaneous emulsion at all. That an excess of fatty acid is the 
cause of the decrease and cessation of spontaneous emulsion may be 
demonstrated as follows. Take a drop of oil from a mixture of oil and 
pancreatic juice after it has passed the limits of spontaneous emulsibility 
and mix it with neutral olive oil, and the mixture is spontaneously 
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emulsible. In one experiment, for example, I took one drop of oil that 
had passed the stage of spontaneous emulsibility and mixed it with 
four drops of neutral olive oil, and one drop of the mixture on soda 
solution gave a beautiful spontaneous emulsion. Here one drop of the 
oil acted on by the juice contained sufficient fatty acid to make five 
drops of oil spontaneously emulsible, that is, to give five drops of oil 
about 53% of fatty acid. The drop of oil acted on by the juice must 
therefore have contained about 30°/, of fatty acid and the time required 
to develop it was thirty-five minutes. Since 30°/, of acid is so quickly 
developed, it seems a fair inference that the prolonged action of the 
juice would change all the oil into fatty acid and glycerine, and such 
in fact is found to be the case. 

8rd. All the oil is split into fatty acid and glycerine by from one 
to two hours’ action of the pancreatic juice—time varies with the speci- 
men of the juice. This may be shown by pipetting such fatty matter 
from the surface of the juice and shaking it with soda solution and no 
emulsion will result, simply a little clouding such as occurs when fatty 
acid is shaken with soda solution. But if one drop of this same fatty 
matter be mixed with six or eight drops of neutral olive oil, this mixture 
will, on being shaken with soda solution, give a good emulsion, This 
experiment is best performed by adding a small quantity of bile to the 
juice before adding the oil. The bile does not interfere with the fat- 
splitting action of the juice, but it does interfere with the formation of 
an emulsion, and for that reason the oil and juice continue to separate 
after shaking. 

4th. The time required for pancreatic juice, acting in glass tubes 
at room temperature, to develop sufficient fatty acid (53% in neutral 
olive oil to give the maximum spontaneous emulsion varies with dif- 
ferent specimens of the juice and with the amount of shaking to which 
the juice and oil are subjected, but the average time as taken from my 
experiments was twenty minutes. In very active specimens of the 
juice it occurred as early as seven minutes, and in very poor specimens 
as late as sixty minutes. I also found that the juice did not act more 
rapidly in a basin of intestine than in the test tubes. In these experi- 
ments the resected intestine containing the pancreatic papilla was held 
by a fenestrated quadrilateral clamp made for the purpose, and into 
the basin of the intestine thus formed the pancreatic juice would ooze. 
Neutral olive oil was dropped into this basin and mixed with the pan- 
creatic juice, and this oil did not become spontaneously emulsible more 
quickly than the oil in the test tubes, but the conditions here are also 
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far from resembling those occurring in the normal duodenum, and the 
average rate of fat-splitting as established by these experiments is 
probably considerably below the rate at which fats are split in the 
duodenum. It is probable that the time required by the most active 
juice more nearly represents the rapidity of action of pancreatic juice 
in the duodenum. 


5th. The action of pancreatic juice on most of the fats is rapid 


and complete. 

Castor oil is a notable exception to this rule, as only a very small 
quantity of acid is developed in it by the action of pancreatic juice for 
five hours at 37°C. Castor oil is therefore practically indigestible and 
this may in part account for its cathartic action. 

Pancreatic juice acts slowly on fats which have a melting point 
above body temperature, but it is an interesting physiological fact that 
their solidity at body temperature does not prevent their being split. 
Spermaceti for example, the melting point of which is above 38°C, is 
slowly split by the action of the pancreatic juice. 

6th. As I have previously said, the pancreatic juice of the rabbit 
and neutral olive oil when shaken together show very slight tendency 
to the formation of an emulsion, and it is only after considerable acid 
has developed that repeated shaking will give a mixture resembling an 
imperfect emulsion. But if we mix and shake at intervals one part 
of neutral olive oil and one part of pancreatic juice for about fifteen 
minutes, and then add six parts of soda solution, we get at once an 
apparently good emulsion. This emulsion does not remain good; it 
always in the course of an hour or two clears by creaming, when the 
whole mixture will be found to have a strong acid reaction due to the 
large quantity of fatty acid developed. Whatever may be the expla- 
nation of the clearing of this pancreatic emulsion, the fact remains that 
an emulsion will form in the presence of pancreatic juice if carbonate 
of sodium solution be added, but it does not remain permanent. 

7th. A permanent pancreatic emulsion may be formed by pipetting 
the oil from the surface of a tube containing oil and juice and shaking 
it with the carbonate of sodium solution. The emulsion formed in this 
way remains very much the same for an indefinite length of time. In 
this experiment the oil is made emulsible by the action of the juice 
and is then separated from it and emulsified with the soda solution; 
the emulsion itself contains no pancreatic juice and therefore does not 
clear, This permanent pancreatic emulsion reacts to emulsion destroy- 
ing agents and soap dissolvers very like a fatty acid emulsion made 
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with rancid oil and sodium solution. For example, it is not destroyed 
by the addition of bile or fatty acids, but is destroyed by mineral acids, 
resisting hydrochloric better than nitric and sulphuric acids. The pan- 
creatic emulsion also resembles the simple rancid oil emulsion in that 
an appreciable length of time must elapse after its formation before 
it reaches its greatest degree of stability. This may be demonstrated by 
adding bile in excess immediately after the formation of the emulsion, 
‘when it destroys the emulsion by creaming, but if the bile be added 
later no such effect is produced. It also resembles the rancid oil emul- 
sion in that it cannot form at all in the presence of bile. 

The most important application of the method I have described 
is in obtaining comparative information concerning the fat-splitting 
properties of pancreatic juice. This application of the method may 
best be explained by detailing an experiment inquiring into the dif- 
ference in the rapidity of action of pancreatic juice at room (18° C.) and 
at body temperature (37°). 

Arrange two rows of watch-glasses containing a }°/, carbonate of 
sodium solution. Take two small test tubes, 4 cc. of the same pan- 
creatic juice in each, and to each tube add } c. c. of neutral olive oil. 
Shake both tubes equally and place one of them (A) in a sand bath 
kept in an oven at 37°C. and leave the other (B) at room temperature. 
At the expiration of three minutes pipette a drop of oil from A and 
place it in watch-glass 1, row 1; then as quickly as possible, with a clean 
pipette, take a drop from B and place it in watch-glass 1, row 2. Both 
tubes are shaken and replaced and at the expiration of three minutes a 
drop is again pipetted from the surface of each. That from A is placed 
in row 1, that from B in row 2. This process is repeated again and 
again to the end of the experiment. At the close of the experiment it 
will be found that the emulsion occurs almost twice as quickly in row 1 
as in row 2. The three-minute drop of oil from A gives as good an 
emulsion as the six-minute drop of oil from B, and the nine-minute 
drop of oil from A gives the same emulsion as the eighteen-minute drop 
of oil from B. Since these tubes were,apart from the temperature, treated 
as nearly alike as possible, we infer that pancreatic juice acts about 
twice as rapidly at 37°C. as it does at 18 C. The average ratio of 
increased rapidity of action, taken from my experiments, was as one to 
one and eight-tenths. 

Whatever objections may be urged against the absolute accuracy of 
the figures obtained by this method, the same do not apply to the 
comparative accuracy of these figures. Even though we may not be 
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able by this method to estimate the amount of acid produced by 
pancreatic juice in nine minutes acting at 37°C., we do know by this 
method, whatever this amount may be, that it requires one and eight- 
tenths times as long for pancreatic juice to produce the same amount at 
18°C. In comparative experiments such as this it is not necessary nor 
practicable to have an equal length of time between the pipettings, but 
it is important that the tubes should be shaken at as nearly the same 
time and pipetted at as nearly the same time as possible, so that the oil 
drops to be compared by spontaneous emulsibility may have been ex- 
posed to the action of the juice for the same length of time, thus 
establishing the comparative accuracy of the results. 

The great value and wide application of this method is seen in the 
study of the influence of bile and other agents on the fat-splitting 
action of pancreatic juice. 

Bile alone does not split fats. This seems a well established 
physiological fact, which may be confirmed by shaking neutral olive oil 
and bile in a test-tube and pipetting the oil at intervals to the surface 
of a carbonate of sodium solution as in previous pancreatic experiments, 
when it will be found that oil shaken with bile for twenty-four hours 
does not become emulsible. The value of this method is here most 
conspicuous as the emulsibility of the oil could not be tested in the 
presence of the bile, because the bile would prevent an emulsion even 
if the fatty acid had been developed. But in this method the oil is 
separated from the bile after they have been in contact twenty-four 
hours and its emulsibility tested, and in this point lies the great value 
and wide application of the method, since the very agents such as bile 
and hydrochloric acid which have the greatest influence on the fat- 
splitting action of pancreatic juice are the agents which interfere with 
the formation of emulsions. | 

Fresh rabbit bile removed from the gall bladder was -used in all my 
experiments. 

In every comparative experiment the pancreatic juice which had 
been collected in a single tube was divided into two, three or four equal 
parts according to the number of tubes used in the experiment. The 
bile was also shaken and divided just previous to the experiment. In 
this way I could be reasonably sure that I was working with the same 
bile and same pancreatic juice in all the tubes. 

By the methods described I reached the following conclusions. 

Ist. An equal amount of fresh rabbit's bile will, on being added to 
rabbit’s pancreatic juice, greatly hasten its fat-splitting action in the 
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ratio of three and one-fifth to one. In experiments of this kind, tube 
A contains }c.c. of pancreatic juice and }c.c. of neutral olive oil, and 
tube B contains }c.c. panereatic juice and }«.c. bile and 3c. c. of neutral 
olive oil. These tubes are treated alike and the emulsibility of the oil 
is tested from time to time as previously described. In this way the 
comparative rapidity with which fatty acid is developed in the oils may 
be determined. It is evident that in every experiment we can have 
two sets of figures from which to make our average, viz. the time 
required for the beginning and the time required for the maximum 
of spontaneous emulsion. In my general averages I have used both 
sets of figures, striking an average between them. 

2nd. An equal quantity of a }°/, solution of hydrochloric acid will, 
on being added to pancreatic juice, retard its fat-splitting action in the 
ratio of two-thirds to one. 

Zrd. A mixture of equal quantities of bile and a }°/, hydrochloric 
acid solution will, on being added to pancreatic juice, greatly hasten its 
fat-splitting action in the ratio of four to one. The bile not only 
neutralizes the retarding influence of the hydrochloric acid on the fat- 
splitting properties of the juice, but it really acts more powerfully in 
hastening the action of the juice when in the presence of this acid than 
it does when acting alone. The contents of a series of tubes will best 
explain the class of experiments upon which this statement is based. 

Tube A contains }c.c. pancreatic juice and 3 c.. neutral olive oil. 
Tube B contains }c.c. of pancreatic juice, }c.c. of bile and }c.c. neutral 
olive oil. Tube C contains 3c. of pancreatic juice, 3 c. of bile, 3; e. c. 
of a $°/, hydrochloric acid solution, and 3 c.c. of neutral olive oil. 

Three rows of watch-glasses containing soda solution having been 
arranged for the reception of the oil drops, the tubes are now shaken 
and pipetted as in previous experiments and the time and the result are 
carefully noted. In row 1 containing the oil drop from A, the emulsion 
begins in eight minutes, and reaches the maximum in twenty minutes 
In row 2 containing the oil from B, the emulsion begins in two and a 
half minutes and reaches the maximum in six and a quarter minutes. 
In row 3 containing the oil drop from C, the emulsion begins in two 
minutes and reaches the maximum in five minutes. These figures 
are the averages of a number of experiments. 

4th. If an equal quantity of a 3°/, solution of glycocholate of soda 
be mixed with pancreatic juice it hastens the fat-splitting action of the 
juice in the ratio of two and one-fifth to one. 

5th. A mixture of equal quantities of a 3°/, solution of glyco- 
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cholate of soda and a }°/, solution of hydrochloric acid will, on being 
added in equal quantities to pancreatic juice, hasten its fat-splitting 
action in the ratio of two and one-third to one. 

The glycocholate of soda solution, like the bile, not only neutralized 
the retarding influence of hydrochloric acid on the fat-splitting action of 
the juice, but it really acts more powerfully in hastening the action of 
the juice when in the presence of the acid than it does when acting 
alone. It must also be noted that the glycocholate of soda does not act 
as powerfully in hastening the fat-splitting action of the juice as the bile 
does. In the presence of bile the juice acts three and one-fifth times as 
rapidly as it does alone, and in the presence of a three per cent. solution 
of glycocholate of soda it acts two and a fifth times as rapidly. In the 
presence of bile and hydrochloric acid it acts four times as rapidly, and 
in the presence of glycocholate of soda and hydrochloric acid it acts 
two and four-fifths as rapidly. From this I infer that this property 
of the bile is chiefly but not wholly due to the glycocholate of soda 
it contains. The class of experiments by which these conclusions were 
reached is illustrated in Plate I, which is in part reproduced from 
a photograph. 

6th. If one part of pancreatic juice be diluted with five parts of a 
}°/, carbonate of sodium solution its fat-splitting properties will be 
greatly retarded—in the ratio of one to eight—and further dilution 
with soda solution gives greater retardation, this property of the juice 
being practically destroyed when it is ten times diluted with this 
strength of soda solution. That this retarding influence is due to the 
soda, and not to the dilution, is shown by the fact that if pancreatic 
juice be diluted with five parts of distilled water, its fat-splitting action 
is very slightly, if at all, retarded. 

The retarding influence of soda solution may be shown by the same 
kind of experiments used to show the influence of bile, hydrochloric 
acid etc. on the fat-splitting properties of pancreatic juice. But it 
seems possible that there might be considerable cause of error in this 
class of experiments, because of the presence of soda solution in one 
of the tubes, In an experiment of this kind, for example, one tube 
contains 3 c.c. of pancreatic juice and 3 Cc. of neutral olive oil, the 
other contains in addition to the same quantity of juice and oil § c.c. 
of soda solution, In pipetting oil from the surface of two such tubes to 
test its spontaneous emulsibility, will. not the result be greatly vitiated 
by the soda solution in one of the tubes, neutralizing the fatty acid as 
soon as formed? Theoretically this would seem to be an important 
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source of error, but practically it is not of very great importance, since 
the results obtained by this method correspond closely to those obtained 
by another method which has not this source of error, The following 
experiment will illustrate this method. Take two small glass tubes. 
In one place 3 cc, of pancreatic juice and 3 Co. of neutral olive oil. 
Shake four or five minutes and add g c.. of soda solution and an im- 
mediate emulsion will result. To the other tube add 3 c.c. pancreatic 
juice and }c.c. of neutral olive oil and § c.c. of soda solution. Shake, 
and the emulsion will not appear for thirty or thirty-five minutes. In 
the first tube, the pancreatic juice acting alone on the neutral oil pro- 
duced enough acid in four or five minutes to make the oil emulsible on 
shaking it with the soda solution. But in the tube 2, the presence of 
the soda solution retarded the action of the juice so that it required 
thirty minutes to produce sufficient fatty acid to give an emulsion. 
Carbonate of soda solution therefore retards the fat-splitting action of 
pancreatic juice in the ratio above given. 

In the accompanying diagram I have taken a line twenty millimetres 
long to represent the working power of pancreatic juice acting alone at 
room temperature. The other lines represent the comparative working 
power of pancreatic juice under the conditions named, and were obtained 
from averaging all my experiments. f 

Diagram showing the influence of bile and other agents on 
the fat-splitting properties of Pancreatic Juice. 
Pancreatic juice at 18°C. 
20 Mil. 
Pancreatic juice at 37°C. 
36 Mil. 2 
Pancreatic juice at 18°C. and HCl. 
13 Mil. 3 
Pancreatic juice at 187 C. and glycocholate of soda. 
44 Mil. 11 
Pancreatic juice at 18°C. and glycocholate of soda and HCl. 
56 Mil. 11 
Pancreatic juice at 18°C. and bile. | 
64 Mil. 11 
Pancreatic juice at 18°C. and bile and HCl. 
80 Mil. 4 
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The above diagram and accompanying figures are offered as the 
clearest and briefest manner of expressing the difference in the rapidity 
of action of the various mixtures. It is not even hoped that these 
figures are absolutely correct, but it is my belief that relatively they 
are approximately correct, and therefore have an all important bearing 
on the pancreatic digestion of fats. We may summarize. 


(1) Pancreatic juice can, acting alone, do a certain piece of work 
in # minutes, viz. develop in neutral olive oil a sufficient 
quantity of fatty acid to give the best spontaneous emul- 
sion. 

(2) Pancreatic juice acting in the presence of five parts of a 4% 
carbonate of soda solution will require 8¢ minutes to do the 
same work, and in the presence of ten parts of the same solu- 
tion its action will be almost destroyed. 


(3) Pancreatic juice acting in the presence of an equal quantity 
of a 1% solution of hydrochloric acid will require g minutes 
to do the same work. 


(4) Pancreatic juice acting in the presence of an equal quantity 
of a mixture of bile and a }°/, hydrochloric acid solution will 
require only }z minutes to do the same work. 


From the last two propositions it would follow that, if bile be added 
to pancreatic juice which is acting in the presence of hydrochloric acid, 
the fat-splitting action of the juice will be hastened as J to } or as six 
to one, and reversely, that if the bile be withdrawn or cut off from 
pancreatic juice which has previously been acting in the presence of 
both bile and hydrochloric acid, the fat-splitting properties of the juice 
will be retarded as six to one. 


Application of these principles to the intestinal digestion 
of fats. 


It is needless to say that my experiments were planned with the 
idea of placing pancreatic juice under conditions as nearly as possible 
resembling those under which it acts in the intestine. The influence 
of a }°/, solution of HCl was studied because of the presence of this 
acid in the duodenum where the pancreatic juice comes in contact with | 
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the fats. The influence of bile and of a mixture of bile and hydrochloric 
acid were studied for the same reason. The influence of dilution with a 
} °/, solution of carbonate of sodium was studied because it was thought, 
that, as the pancreatic juice passed duwnward into the small intestine, 
it might be subjected to some such influence, since the succus entericus 
contained this percentage of carbonate of soda. The conclusions there- 
fore to which I have arrived must, if true, have a very important bearing 
in the explanation of the intestinal digestion of fats. I infer from my 
experiments that in the duodenum the mixture of bile and hydrochloric 
acid furnishes the best known conditions for expediting the fat-splitting 
action of pancreatic juice, and the cutting off of the bile would retard 
the fat-splitting action of the juice six times, It may also be of some 
physiological importance to note that the agents bile and HCl which 
expedite the fat splitting absolutely preclude the formation of emulsions. 
The duodenum therefore offers the most favourable conditions for the 
splitting of the fats and the most unfavourable for their emulsification. 
In the jejunum and ileum these conditions seem to be exactly reversed. 
The intestinal juice containing, as it does 4% of carbonate of soda, 
would not only furnish the conditions for the spontaneous emulsification 
of the rancid fats, but would also retard the fat-splitting action of the 
pancreatic juice. I do not wish to express the belief that intestinal 
juice plays just such a role as this in the intestinal digestions of fats, 
but only offer it as a deduction from test tube experiments, thinking 
it may have some physiological bearing. 

From my experiments I infer that pancreatic juice must act very 
rapidly under the favourable conditions found in the duodenum. In 
some of my experiments at room temperature, good specimens of pan- 
creatic juice aided by the presence of bile and hydrochloric acid produced, 
in neutral olive oil, 54°/, of fatty acid in two minutes. At body tem- 
perature this work would have been accomplished in one minute, and 
under the favourable conditions offered by the duodenum it would pro- 
bably have been done in even less time. 

This rapidity of action of pancreatic juice is of great physiological 
importance since it is evident that at this rate, all the fats would be 
split into fatty acid and glycerine in the time required for intestinal 
digestion, unless this action of the juice was checked or retarded in 
some manner. 
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Importance of bile in the intestinal digestion of fats. 


The various conditions which have an influence on the intestinal 
digestion of fats have been developed by natural selection, and so far 
as we know they are the best for the purposes they serve. The com- 
parative immobility of the duodenum, its close attachment to the head 
of the pancreas, its horse-shoe shape, all, no doubt, have an influence on 
the rate of passage of food stuffs. This rate, which is chiefly controlled 
by these and other anatomical conditions, was established to accord with 
normal digestive functions, and by this mechanism the fats are exposed 
to the action of pancreatic juice just long enough to allow for whatever 
action that juice may have in fat digestion. Let us suppose that under 
normal conditions the fats are exposed in the duodenum to the action 
of pancreatic juice for « minutes, and that this time is just sufficient 
to allow for whatever fat-splitting is necessary at this point. Now if 
the bile be cut off, the rate of passage of the food stuffs, which is chiefly 
controlled by anatomical conditions, remaining the same, the fat would 
still be exposed to the action of the juice for only & minutes. But 
since in the absence of the bile the pancreatic juice is able to accom- 
plish only } of the fat-splitting which it normally does, it would follow 
that the fats would pass with only 4 of the amount of splitting that 
normally occurs, and since the splitting of the fat is, as recognised by 
all physiologists, a necessary preliminary step in fat digestion, it would 
follow that the fats would pass in great part undigested. This gives 
to bile a most important and definite position among the juices which 
assist in fat digestion, since we have here pointed out at least one of 
the ways in which it exerts its wonderful influence in fat digestion. 
Physiologists have been led to believe through much clinical and ex- 
perimental’ evidence that the bile was necessary to fat digestion. How 
and where it acted has been one of the greatest of physiological mys- 
teries. The experiments of Westinghausen“ seemed to show that 
bile promoted the passage of the fats through membranes, and this 
was thought by some physiologists to have a bearing on the absorption 


1 Of special interest are the recent experiments of A. Dastre in the Arch. de Physio- 


logie et Pathologie, Paris, 
2 Archiv fiir Anat. u. Phys., 1873. 
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of fats. But since the publication of Groeper' denying that bile had 
any such action we have been quite as much at sea as ever in explaining 
the action of bile in fat digestion. 


I wish to thank Prof. Gad for his kindness and advice during the 
prosecution of these studies. 


1 Archiv fur Anat. u. Phys., 1889. 
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= PROTEIDS IN MILK. By JOHN SEBELIEN, Aas, 
Norway. 


W. D. HALLIBURTON, writing to this Journal’ on the proteids in milk — 
refers to some work by me on the same subject. On some points we 
agree, on others not. Thanks to the courtesy of Dr Halliburton in 


sending me his paper, I shall try to explain why and where we differ. 


The chief point of dissent is as to the presence in normal cow’s-milk 
of lacto-globulin, Halliburton thinking, that what I describe as globu- 
lin is nothing but lact-albumin, precipitated by the presence of the 
same time of chloride of sodium and of sulphate of magnesium. Had 
Halliburton read my original paper in full, which besides in Danish 
and Swedish Journals has been published in eatenso in Zeitsch. für 
physiolog. Chemie,” IX“, he would have been, I have no doubt, as fully 
convinced of the presence of globulin as I am myself. 

I pointed out“ that the precipitate obtained by first saturating milk 
with NaCl in powder and then saturating the filtrate from this first 
precipitation (of casein and some of the globulin) with MgSO, was 
treated as follows, viz., repeatedly dissolved in water and reprecipitated 
by NaCl in powder. It then showed the following reactions, which 
fully proved it to be globulin and which excluded all possibility of 
mistaking it for lact-albumin. 

When a solution of it was dialyzed, the proteid in question separated 
out flocculent and dissolved again clear in a weak solution of NaCl, 
which clear solution became turbid by adding more water, the turbidity 
increasing on adding traces of acetic acid. A neutral solution of the 
proteid was furthermore partially precipitated by saturation with NaCl. 
By all these reactions, characteristic for globulin, it proved itself dis- 
tinctly different from albumin. 


1 Vol. XI. No. 6, 1890. 

2 Although Halliburton seems to have seen this volume, and quotes a paper con- 
tained therein by Dogiel, he only knows my peper from an extract given in Maly’s 
Jahresbericht fiir Thierchemie. 

e. p. 448. 
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Halliburton’s reason for thinking that I have been misled as to 
the presence of globulin is this, that albumin is precipitated by the salt 
MgSO, + Na,SO, + 6H, O on saturating with this salt, and that this salt 
must have been formed, when I saturated the solution with both NaCl 
and MgSO, While admitting that part of the NaCl could have formed 
with part of the MgSO, some Na, SO, it appears doubtful to me, whether 
a saturated solution of the said double-salt could have been obtained. 
But under no circumstances could a trace of albumin have showed the 


reactions above mentioned. 


That Halliburton has failed to find any coagulable proteid in the 
solution from the precipitation in milk by means of MgSO, will probably 
find its explanation in the fact, that in ordinary cow's-milk globulin is 
generally found only in so small quantities in proportion to the casein, 
that a coagulation is observed with the greatest difficulty. 

When Halliburton’ mentions, that Na,SO, alone does not precipi- 
tate albumin, he is not absolutely correct. A solution of albumin is, 
precipitated by saturating with this salt at a temperature of 30°C.; and 
in my above quoted paper I have mentioned this as a test for lact- 
albumin, shewing a similarity to serum-albumin, as I have also examined 
and described a preparation of pure lact-albumin (as a white powder), 
prepared by using this very method of precipitation, : 

Nore. Casein, Halliburton proposes to call “caseinogen.” With 
regard to this proposed distinction between the proteid in milk (casein 
—Halliburton’s “caseinogen”) and the proteid precipitated by rennet 
(Halliburton’s “ casein”) I take occasion to remark, that already Ham- 
mersten in his first papers on casein laid stress on the distinction between 
these two proteids, which he called “casein” and “ost” (English “curd”) 
The latter it is proposed by E. Schulze and Rése* to name paracasein,” 
a name I have hitherto adopted“ but I admit that the terminology 
proposed by Halliburton has certain advantages. 


1 J. c. p. 458. 
2? Landwirtach. Versuchs-Stationen 
3 f. inst. Milchzeitung, 1888, p. 1015. 
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SENESCENCE AND REJUVENATION. By CHARLES 
SEDGWICK MINOT. (Plates II. III. IV.) 


(From the Physiological Laboratory of the Harvard Medical School.) 


FIRST PAPER :—On the Weight of Guinea Pigs. 
INTRODUCTION. 


THE proper object, the final purpose of Biology, is the discovery of the 
nature and laws of life. The existence or non-existence of a vital force 
is a problem concerning which a great many dogmatic decisions have 
been put forth. It is evident that all opinions as to the essential nature 
of vitality, however much they may differ otherwise, are pretty much 
alike in lacking intellectual value and scientific foundations. There is 
no reason however for giving up the endeavour to get nearer the final 
goal of biology, because attempts to reach it by the short cut of specu- 
lation have always failed ignominiously. I believe that the time has 
come when work may be profitably directed towards answering general 
questions, the answers to which appear necessary preliminaries to attack- 
ing the problems of life itself. 

It is now several years since I first published the thesis that the 
best and most fruitful biological work is that which contributes to deter- 
mining the essential and fundamental peculiarities of living organisms. 
The paper’ referred to, which was printed in abstract only, included an 
enumeration, as complete and exact as I could make it, of the pheno- 
mena which any tenable hypothesis of vitality must explain. The effort 
was to generalize the statements to the utmost scientific limit. The 
result was a very vivid impression of the inadequacy of all hypotheses 
of vitality. 

Had circumstances permitted I should have steadily devoted myself 
from that time to researches having for their object the gaining of 


1 C. S. Minot. “ On the conditions to be filled by a theory of life.” Proc. Amer. Assoc, 
Adv, Sei., xxvitt., 1879. 
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further insight into what I considered the fundamental phenomena of 


life. It cannot be questioned that there are many investigations of the 
character referred to, which are both feasible and worth while. In 
looking over the possibilities the best point of attack appeared to me to 
be the changes which age effects in organisms. They have been very 
little studied hitherto either in any systematic way or from any general 
stand-point. It is assuredly one of the most general phenomena in the 
life-histories of living organisms that they become old. From the age 
zero at the moment of sexual impregnation animals and plants both pass 
through a series of changes, until, barring accidents, they reach their 
limit of life, by which we mean the maximum longevity attainable for 
each individual under the optimum of conditions. Organisms are 
created young and grow old, and the old produce new young successors. 
The passage from youth to old age is best termed SENESCENCE, the 
procreation of the young REJUVENATION. Senescence is a property of 
most, perhaps of all living matters, and so far as known has no parallel 
in non-living matter. We may venture to assume for the present that 
senescence is an essential and never absent feature of life, finding its 
most striking expression in the gradual loss of the functional powers of 
the organism, its end in death; but we know as yet neither the essential 
character nor the real cause of that loss. Here then is a large field for 
work, of which I resolved to take advantage as largely as my restricted 
opportunities and means permitted. 

Age causes various progressive changes in the organism, but none 
which are more obvious, and more accessible to exact study than those 
constituting growth. The first experiments were upon growth as the 
most promising subject for beginning the investigation of senescence. 
The work has continued through more than five years and has yielded 
results which it is thought desirable to publish in full. Several frag- 
ments have already been printed’, The present series is intended to 
cover all that has been thus far done, and to be completed subsequently. 
The material will be arranged in four papers ;—1. the present one, On 
the Weight of Guinea Pigs; 2. On the Growth of Man; 3. On the 
Growth of Animals; 4, General Considerations. Most of my own ex- 
periments are included in the first article of the series. 

It is deemed advisable to make this introductory explanation in 
order that the reader may at once understand the writer’s point of view, 


1 Minot. Science, ., 898—400; Proc. Soc. Arts. Mass. Instit. Technol. Meeting 310; 
Science, v1., 4—6; Proc. Amer. Assoc, Adv, Sei., 1884, 517.; Wood’s Reference Handbook 
Med. * Art- Age; Proc. Amer. Soc. Adv. Sei., 1680, 311. 
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and the-real purpose in mind, which has determined the form of pre- 
sentation. I need hardly say that I have no expectation whatsoever of 
solving the manifold problems of senescence, but have tried to add to 
our positive information. I shall be more than repaid for the labour 
spent, if my example induces others to make experiments on organisms 
as individual wholes ; it would lead biologists into virgin fields, which 
await only cultivation to yield the husbandman a rich harvest of ever 
increasing value. 

For the purpose of studying growth as a function of age it was 
desirable to eliminate the influence of external conditions of a variable 
character, as far as possible ; the readiest way to accomplish this was to 
choose a self-regulative organism ; accordingly one of the higher verte- 
brates was considered preferable, because of all organisms they are the 
most independent of outside circumstances. It remained only to pick 
out a convenient species; various considerations led to the choice of 
the Guinea pigs, Cavia cobaya. This animal offers the following advan- 
tages: it bears confinement well, is robust and but little liable to disease, 
breeds readily, is easily managed and fed, and gentle when handled ; its 
maintenance is much less costly than that of a larger animal, an import- 
ant consideration as upwards of 100 were kept at a time for several 
years’, Another important advantage depends on the fact that every 
individual is marked with spots and blotches of brown and black differ- 
ently from all others, so that they all can be readily told apart without 
any artificial marks, and hence it is easier to follow the growth of indi- 
viduals, Occasionally there is one all white, but such white ones can 
be marked with spots of nitrate of silver on the hair. Guinea pigs are 
so unintelligent that I have been unable to feel any interest except 
scientific in them, which has perhaps also been advantageous. 

The pigs were kept in summer in spacious pens in the country, in 
winter in large boxes in well lighted and ventilated rooms, kept warm 
by artificial heat. They were carefully tended most of the time by 
myself; the endeavour was to secure continuously the best hygienic 
conditions by unremitting attention; it was my habit to make two visits 
daily. They were fed with the best food obtainable, in summer grain 
(oats), hay and fresh grass, in winter grain, hay and carrots. 

To measure the growth the weights were taken of the growing and 
adult individuals, the weight being the only available measure for the 
whole animal,—and the only one permitting comparisons between differ- 
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ent species of organisms. The weighings were made in the morning 
before the animals were fed. But they were kept always supplied with 
dry oats; this practice is desirable because it helps essentially in pre- 
serving the animals in good condition. It does not entail a sufficient 
error in the weights to be objectionable, because it is more or less con- 
stant and is not very large, as the animals will not eat a great deal of 
grain when they have plenty of green food or carrots. No fresh food was 
left in the pens or boxes over night. 
In all the weighings there is necessarily an error 4. A positive 
error, because the digestive tract, particularly the wide cœcum, contains 
“always considerable quantities of undigested matter; moreover the 
bladder may hold a greater or less quantity of urine. A negative error 
because every illness, even a very slight indisposition, and every injury, 
such as a bite, for instance, causes a greater or less loss of weight. The 
quantitative values of these errors is presumably not very great; they 
probably counterbalance one another to a certain extent in the averages, 
which may be accepted as approximately accurate. 
The advantage of these experiments over statistics taken from man 
lies especially in the fact that the same individuals are followed through 
the whole period of growth. Otherwise we may reach erroneous con- 


~ clusions; thus in girls there is a very great acceleration of growth during 


the two or three years preceding puberty, that is, the epoch of the 
first menstruation; the acceleration shews itself also in a curve con- 
structed from averages taken from a large number of observations upon 
many girls, but the variation appears less than it is for the individual 
and gives therefore an erroneous impression of the actual degree of 
prepubertal acceleration. This falsification necessarily ensues from the 
individual variations in the age of the first menstruation,—for the 
accelerations in one girl may occur at an older age than in another and 
a younger age than in a third, hence when a long series of observations 
is averaged the result shews an acceleration much longer in duration 
but smaller in amount, than is characteristic for the individual. Thus 
Dr B. A. Gould found that the stature of American soldiers increased 
steadily up to 35 years to 1°7391 metres, which was the maximum 


average height for any age. This observation does not prove that the 


growth period for Americans extends to 35 years, for the result noted 
may be due to more vigorous men growing more and surviving (but 
not growing) more years than the smaller and weaker men. The 
average at 35 is greater than at 30 because,—if the suggested explana- 
tion is correct,—the shorter men have died off. This might be decided 
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by statistical study of the relation of the ages at death from disease 
to stature. It would certainly be worth while to investigate the problem, 
with a view of ascertaining whether there is any correspondence between 
the length of life and the size of individuals. A positive answer to the 
enquiry is to be expected. To return :—we have seen that if we do not 
compare the same individuals with one another we cannot be sure of 
correctly measuring the phases of growth. As Guinea pigs nearly com- 
plete their growth in one year it was possible to make the requisite 
number of observations within a reasonable period, which is not the 
case with man. 

The total number of Guinea pigs weighed was about 400, of these 
262 were weighed only at birth, and the remainder were followed up to 
varying ages. The total number of measurements taken was 8040, 
4200 of males, 3840 of females. The total weight of all the Guinea 
pigs I have put in the scale pan is 1,799,920 grammes—which may 
be mentioned for amusement's sake. 

As soon as a litter was born and the amniotic fluid dried off from 
the fur of the young, each individual was weighed, the sex noted, and 
an exact description of all the markings, which do not alter after birth, 
written down. The litter was numbered, and the date of birth and the 
parentage or at least the maternal parentage recorded. I found it a 
great convenience to give mnemonic names to all the pigs, of which I 
followed the growth—so that the name would suggest the appearance 
of the individual pig. For the most part the names referred directly to 
the marking, for instance Brown rump,” Saddle back,” “Snout,” etc., 
but often the allusion was more remote, as for instance Hypocrite,” 
whose head, seen from one side appeared entirely black, from the other 
entirely white. The record having been started the next thing was to 
enter in a diary all the dates during the remainder of the year upon 
which the litter in question was to be weighed’. The plan adopted after 
a little experience was to weigh each individual every day up to 40 days, 
then every fifth day up to 215 days, and then after every thirtieth day, 
and to avoid accidental variations also five days before and five days 
after each thirtieth day; for instance, the months being assumed at 30 
days, the animal would be weighed for the 8th month at 240, also at 
235, and 245 days, and the next set for nine months, 265, 270 and 275 
and so on to the end of the second year after birth, at which age the 
observations were stopped. Of no individual have I an absolutely com- 


1 The simple apparatus for calculating the required dates is described in the append'x 
at the close of this Article. 


4 
2 
4 
7 
x 
a 
‘ 
* 
* 


102 C. S. MINOT. 


plete series of weights, but of a good many the series are nearly complete. 
A very few of my animals died from disease. The effects of disease 
upon growth will be considered in the course of this paper—the study 
of them leads to an important theoretical conclusion. 

The extent of my observations has been diminished by three 
accidents, of which the last was a heavy calamity. The first accident 
was due to a servant, who left the cover of the pen open while he went 
to cut some grass; during his absence a dog got in and killed several 
Guinea pigs. The second mishap was similar,—a person who was using 
without my being aware of it the room, in which my animals were kept 
during the winter, left the door open one evening and again a dog got 
in and killed eleven animals. The third misfortune was far more 
serious and put an abrupt end to my experiments. For greater safety 
my animals were kept in a locked room the floor of which was divided 
into large and commodious pens, I deemed myself safe from dogs, but 
unfortunately the janitor of the building had a bull terrier bitch which 
he wished to isolate for two or three days from other dogs, and there- 
fore chained her up in the “animal room.“ During the first night the 
terrier broke loose and the next morning we found 94 guinea pigs lying 
dead leaving me only four alive of all those I had kept and weighed 
for a long period, making as I went along a careful biological record of 
each individual. I was thus deprived suddenly of nearly five years’ 
labour. It had been my intention to follow out the alterations of 
weight on to extreme old age, to investigate the relations of the age 
of the parents to the sex, weight and number of the young, the 
alterations in the chemical composition of the body with age, and also 
to complete a series of experiments on heredity as shewn by the 
markings of the fur. My plan also included the study of the 
of the foetus, of the causes affecting the length of gestation, of the 
influence of lactation on the weight, etc. All these enquiri¢s can be 
answered accurately only by uninterrupted observation of individuals 
during their whole life-time, so that to get the desired results it will be 
necessary to go back five years nearly. Perhaps I may hereafter regain 
the courage to renew the undertaking which ended with such cruel 
unexpectedness. But since the destruction of my material I have been 
involved in less welcome duties than those of experimental biology. 
‘The expense of maintaining a large stock of animals is very consider- 
able, and this has also prevented me from prosecuting the work as 
rapidly and extensively as desirable. In this country there are almost 
no funds from which grants in aid of biological researches can be made, 
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so that the biologist in the United States is obliged to forego many of 
the material advantages enjoyed by his European colleague. I hope 
the difficulties I have encountered will plead in my excuse for some of 
the imperfections which characterize my growth experiments. 

The experiments were begun in the physiological laboratory of the 
Harvard Medical School. Twice has my friend Dr H. P. Bowditch 
contributed to the expense of these experiments very generously as far 
as the income of his laboratory permitted. And I have to thank him 
for much valuable advice concerning the prosecution of the work and 
for much encouragement. With rare liberality he also placed at my 
disposal his own statistical material concerning the growth of Boston 
School children, which has afforded some new conclusions, that will be 
presented in the second article of this series. To several near relatives 
I am indebted for valuable help, for which I cannot thank them duly. 


RESULTS. 


Part I. THE CONDITIONS AT BIRTH. 


1. The number of young. The number of young in each litter 
varies from one to eight, litters of one, two, three and four occurring by 
far the most frequently. Records of 143 litters give the following 


figures. 
TABLE I. 


Number in a litter 1 2 3 4 1 
No. of litters observed 23 58 37 18 2 2 2 1 


The table shews that litters of two are the most frequent; in fact 
it may be surmised that two is the natural number, not only on 
account of their predominating occurrence but also because the number 
of devoloped mammae is two. It is generally believed that there is a 
certain correspondence between the number of the mother's tits and 
the number of young born at once, for it is the rule among mammals 
that the maximum number of young at a birth rarely exceeds that of 
the tits. Reasoning loosely, we may. conclude that the frequency with 
which guinea pigs have large litters, results from domestication,—an 
explanation which on account of its utter vagueness is decidedly a poor 
one. However the table shews that over half the litters are of one or 
two. Noteworthy is the very small number of litters of five. I cannot 
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help anticipating that a large series of observations will obliterate the 
jump from litters of four to those of five and six. 

Although most litters are of one or two yet most Guinea pigs are 
born in larger litters, Table II. shews that out of 366 pigs 227 were 
born in litters of three or more. The average numbers to a litter is 25. 
This result affords a very striking illustration of how far from the truth 
we come if we try to determine the typical or central form of a set of 
variations of a living organism by the arithmetical mean or average 
instead of by the geometrical mean or the most frequent variation. 
Thus the typical number of young for a Guinea pig to bear is two and 
not 2˙5. 

What determines the number of young? To this question I can 
give no adequate answer. Certain conditions affecting the number of 
young can be established from the statistics now available. The 
principal fact to be here mentioned is that older mothers have as a 
rule larger litters than the young mothers. This is shewn by 


TABLE IL 
Age of the mother at the time of littering in relation to the number 
of young. 


Number in a litter 1 2 3 4 7 


5 6 8 
Average age of mothers 200-9 286 289-7 464˙9 164 1 260 433 days 
1 1 


Number of observations 18 51 27 15 


The age for litters of 5,7 and 8 being based each on a single obser- 
vation have little value for comparison with the averages for litters of 
one to four. The latter shew that the larger the litter the older the 
mother. The difference between the age for litters of two and that for 
litters of three is very slight. Had I been able to continue the ex- 
periments I should have watched with interest the effect of advancing 
years on these same mothers as regards the size of the litters, 

To further elucidate the relations Table III. has been drawn up, to 
shew the sizes of the first litters of all the mothers, of the second litters, 
etc. Thus the table shews that of the first litters born by 50 mothers, 
16 were of one, 25 of two and 9 of three. 

The inspection of the table shews at once that the number of obser- 
vations is insufficient to prove more than that the number of young 
tends to increase with the number of previous pregnancies, It however 
by no means follows that there is any causal connection, * it is not 
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only possible but probable that it is entirely an effect of age. In fact 
my records shew that if a female guinea pig bears, while very young 


TABLE III. 
2 Number in the litter, 
No, of 
Litter. 
| 6 | 7.| 
First 16 25 9 1 
Second 9 13 6 1 
Third 6 6 3 
Fourth 2 2 


itself, it will throw a litter of one or two, but if it is older it will throw 
a litter of two or three more probably than of one. To settle the 
question it would be necessary to guard several females in virginity 
until they were say two or three years old, and then to let them begin 
to bear, in order to compare their litters with those of young primiparz 
and of multipare of their own age. I had started to do this at the 
time my animals were destroyed. 

It appears to me that a second and important factor is the indi- 
vidual tendency of the mother to produce litters of a certain size. 
There is no apparent reason to suppose that the father influences the 
size of the litter, for there is always an excess of spermatozoa. On the 
other hand the hypothesis is natural that the tendency to discharge a 
greater or less number of ova may vary with individual females. The 
largest number of litters I have reared from one mother is four. Even 
this small number shews traces of an organic habit—thus one mother 
in successive litters 3, 1, 4 and 4 young; another mother 5, 2, 7 and 6. 
Further observations are needed to fully elucidate this point. 

The warm season is favourable to the production of larger litters, 
This is shewn by the following table. 
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In considering this table it must be borne in mind that the period of 
gestation is from 9 to 10 weeks so that as the number of young is, of 
course, determined at the moment of conception, therefore the litters 
born in July depend as to size on May influences and those born in 
November on September influences. The last line of the table shews 
plainly the favourable influences of the warm season. The result 
becomes more striking by rearranging the data given in Table IV. as 
shewn in Table V. 


TABLE V. 
Percentage of Litters according to the season. 


Litters of 
Born in 
one two three four flve-eight 
Winter 75 | 19°0 75 14 0˙0 
Spring 54 | 143 67 2°7 0-7 
Summer 14 8·˙8 47 2˙4 14 
Autumn 3˙1 1·1 47 4˙1 2˙1 


Spring 129 | 333 1142 | 41 | 07 


Summer 
2 45 99 94 | 65 | 35 


In fact, we see the larger the litter the more likely it is to be born in 
summer or autumn. We can only speculate as to the mode by which 
this seasonal influence acts—to the physiologist it need hardly be 
mentioned that it would be most unsafe to attribute it to advantages 
of nutrition, as an inexperienced biologist might consider natural. 
Against such a deduction two reasons come foremost :—1", such facts as 
we have indicated that poor rather than good nutrition incites fecun- 
dity ; 2°, it is more probable that complex nervous effects are the chief 
factors. 

2. The proportion of the sexes. The number of pigs of each sex in 
410 births recorded, was 187 females and 223 males;—or to every 
100 females, 119°2 males. Statisticians have generally adopted this 
method of expressing the proportions of the sexes but it is, I think, not 
a good one because exact comparisons are impossible since the standard 
i.e., the number of females, is itself variable. It is better to express the 
results in percentages of the whole number of young, or in pro milles. 
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According to the above data, of 1000 Guinea pigs born, 456 F are 
females and 544 — males. 

The number of my observations is so small that the probable error 
is considerable. To gather a notion of its value we may employ the 
following arbitrary calculations. Let us assume that the real pro- 
portion of the sexes is 500 to 500, which is certainly not very far from 
the truth. Then with one set of two observations, there would be four 
possibilities; p, 22, Pf, £P,—and the probable error would be 250 
per mille. Now the error varies inversely as the square root of the 
number of observations, hence the error with 410 observations is given 
by the following equation: 

Let E be the probable error with a observations; when a=2, 
E= 4 25% and let a= 410. 
therefore Ex /410 =./2 
25 /2 

log = 25 = 139794 
slog — 2 =0°15051 
154845 

4 log 410 = 130640 
log E 1756 = 024205 


hence 2211756 % or 17 56 per mill. 


Now the observed number of females per mille is 456; using the 
probable error just found, the chances are even whether the number of 
females would be per mille 456 + E, in round numbers between 438 
and 474 females per 1000 or outside those limits. 

The causes which determine sex I hope to discuss in a subsequent 
paper. My observations on Guinea pigs fail to shew any relation 
between the number of females and the age of the mothers. I have 
records of the ages of the mothers of 120 females and of 144 males— 
the average age of the former is 325 days, of the latter 310 days. It is 
possible that the slight difference really corresponds to a tendency to 
produce more females as the mother becomes older; I had originally 
intended to settle the point by continuing the record until the mothers 
were several years older. At present a definite conclusion as to the 
effect of the maternal age upon the sex of the offspring is unsafe. 

To ascertain whether any correlation existed between the season 


whence E= 


and the sex of the young there has been prepared 
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TABLE VI. 


Shewing the number and percentage of males and females born in each 
month of the year. 


Jan. Feb. March April May | June | July | Aug. | Sept. | Oct. Nor. | Dee | Tota 


No. of Males | 23 13 | 11 | 16 | 28 | 11 | 19 | 18 | 25 16 9 | 24 
9 11-1| 6-2 | 53 | 7-7 | 91 | 6˙2 12-0) 7-7 | 4:3 | 11-5 
No. of Females | 17 | 9 | 18 | 19 | 25 | 9 | 23 | 9 16 7 | 10 | 22 | 179 
%% „ 9-5 | 5-0 | 7-3 10•6 14-0] 50 50 | 89 | 3-9 | 56/123 


From this table we learn that there were 


Born in winter spring summer fall 
of males 28 ·8 26°5 20°6 240% 
of females 26˙8 319 22°8 180°/, 


In other words, during the spring and summer there is a relatively 
greater tendency to produce females. This does not prove that the 
season acts directly. It would be interesting to test the matter by 
more extended observations. 


3. Weight of Guinea pigs at Birth. Measurements of 372 indi- 
viduals gave the following results: 


200 males weighed 14162 grammes, Average 70°8 
172 females „ 12052 70˙1 


As the individual variations depart from this average up to over 4 50% 
it is evident that the difference in weight between males and females 
is so slight, only 0°7 grins. that it will occasion no sensible error, if we 
lump the two sexes together in order to study the influences, which 
affect the growth of the foetus, and so cause variations in the weight at 
birth, 


The variation is exceedingly great :— 

The largest male weighed 128 grms. = 708+ 572 or + 80°8°/, 
„ smallest „ 35 „ 2708 - 35˙8 or —506°, 

The largest female weighed 111 grms. = 70°1 + 40°9 or ＋ 583% 
„ smallest „ „ 35 „ẽ =701—351 or 501% 


It will be noticed that the variation above is greater than below the 
average —a fact, which I interpret, as will be explained, to be of funda- 
mental importance. The weight of the largest male is altogether 
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exceptional; the second largest being 113 grammes, which is 15 grins. 
less and only 596 / instead of 808 / above the average. 

The total range of variation in the males is 1314 % of the total 
average weight; in the females 1084 % 

The following table gives 363 observed weights between these 
extremes as they are distributed around the average in groups of 
5 grins. in range each. There is a slight error owing to the average 
being taken for convenience at the arbitrary value, 70°5 grins. 


TABLE VII. 
Distribution of weights at birth. 

Number in observations. 

Wits. in grms. 

Male Female | Totals 

130°5—125'5 1 0 1 
115°5—110°5 3 1 4 
110°5—105°5 1 0 1 
105:5—100°5 1 2 3 
100°5— 95°5 8 0 8 
95:°5— 90°5 8 9 17 
90°5— 85°5 13 7 20 
85°5— 80°5 28 24 52 
80°5— 75°5 16 15 31 
755— 70°5 19 24 43 
70°5— 16 19 35 
65°5— 60°5 27 10 37 
60°5— 55°5 19 16 35 
55°5— 50°5 14 11 25 
50·˙5— 45°5 10 23 33 
5 45°5— 40°5 7 4 11 
¢ 40°5— 35°5 5 3 8 
35°5— 30°5 1 1 2 
Totals 197 169 366 


It will be noticed that although the extreme observations are fewer 
than the central ones, yet the distribution is far from regular and does 
not correspond to a binomial curve, as nearly as should be the case 
were the distribution due to chance, by which we understand an infinite 
number of causes. The degree of variation is enormous: —of 200 male 
Guinea pigs weighed, precisely 100 were above and 100 below the 
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average. The weights of the heavier 100 averaged 84°5 grms.; and of 
the lighter 100, 57 grms. Hence the average variation was 19°50°/, 
above and 19°49 below the mean for the whole 200. The corresponding 
figures for the other sex are 17°12 and 18°83; for the data nearly in 
full see Table VII. The weight at birth varies to an extraordinary 
degree and with unusual irregularity; it became therefore probable 
that Guinea pigs offer a favourable opportunity for ascertaining some 
of the causes of the natal variability. Such is the case in fact. 

An inspection of the statistics shew at once that the most potent 
influence is the number of pigs in a litter, as is 2 5 by the following 
table, which is based upon 351 observations. 


TABLE VIII. 


Guinea Pigs: — Average weights in grammes according to the number in 
litter. 


Males Females Total 

No. in 

Litter Total] Total |AveragefTotal| Total Average] Total | Total Average 0 

no. | ts. wts. no. | wits. no. wts. wits. 

1 9 777 | 863 11 924 840 20 1701 | 855 
2 157 4610 | 809 57 | 4334 | 760 1148944 | 785 | 5-0 
3 | 63 | 4269 | 67°38 | 48 | 3284 | 68-4 | 111 | 7553 | 68-0 | 10-5 
4 | 43 | 2816 | 65:5 | 28 | 1733 | 61-9 | 71 | 4549 | 64:1 | 3-9 
5 6| 363 | 605 4 235 | 587 10 598 | 598 | 4:3 
6 5 | 301 | 6021 5 321 64.2 10 622 62˙2 23 
7 41 22915721 3 178 593 71 407/581 | 41 
8 5 | 268 | 536 J 3 150 | 500 8 | 418 | 522 | 5-9 

Totals 19213633 71-0 15911159 70-2 J 351 | 24792| 70-6 


With this single exception of the litters of five and six and even these 
only with the females the larger the litter the smaller the pigs at birth. 
At first sight this seems easily explained as a mere ratio of food supply 
and demand; this would accord with certain views of Herbert Spencer 
but not with the facts of nature. To Mr Spencer’s extraordinary 
conception of the relations of growth and reproduction we shall come in 
the fourth paper of this series. It will suffice now, to point out that 
there is a large excess of nutritive power in Guinea pigs, as in other 
mammals,—a fact which is made evident by the observation that a 
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growing pig may itself bear young without impeding its own growth. 
Moreover the possible maximum product of young in weight is ap- 
proached only by the largest litters, and if there is a sufficient food 
supply to produce a litter of seven weighing collectively,—as one of 
mine (A J.) did—407 grammes, we should certainly expect the supply 
to suffice for producing the heaviest individuals as well in a litter of 
two as in a litter of one, but such is not the case. There is then some 
other cause. 

The cause we are seeking for, I think is probably the length of 
gestation, which certain observations of mine indicate to be shorter the 
larger the litter. The observations in point are discussed in the 
following paragraph. If the supposition is correct then the principal 
reason why the individuals of large litters weigh less at birth than the 
members of small litters, is that they are born sooner, or in other words 
have not been growing so long. 

The length of the period of gestation is very variable in Guinea 
pigs. It is usually a little less than 10 weeks,—the average of 22 
observations being 670 days. Of the twenty-two cases only twelve 
were determined by certain knowledge of the date of coitus as well as 
of that of delivery; the coitus in ten cases is fixed by probability only ; 
in these ten instances, bucks were left continuously with the females, 
before, during, and after their littering; the females immediately 
became pregnant again and threw their young again just about the 
length of a natural period of gestation thereafter. Now as the does 
often readily admit the bucks immediately after having littered, I have 
considered it safe to regard the day of delivery in the ten cases cited as 
the day of commencement of the next gestation. The observations 
may be classed as follows :— 


Gestationindays 64 65 66 67 68 69 70 
Number of cases 2 3 2 7 + 2 2 


Hence it appears that 67 days is the most frequent length. I regret 
very much that I was prevented from extending these observations as 
the curve of the variations cannot be indicated by so scanty statistics. 
In one case the number of young were not recorded; the remaining 
cases may be classed according to the number of young as follows :— 
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TABLE IX. 
Relation of the number of young to the length of gestation. 


Gestation in days Average. 
1 66, 69, 70 68˙7 
2 64, 67, 68, 69, 70 67 6 
3 64, 68, 68 66°7 
4 67, 67, 67, 67, 67 67°0 
5 65 
6 67 
7 | 65,68 660 
8 65 


The table shews plainly that the gestation is usually shorter the larger 
the litter, and were it not for one short gestation lowering the average 
in each of the first three groups the averages would offer still more 
striking contrasts. In the three short gestations alluded to we pre- 
sumably have an abbreviation from some secondary cause of the 
period which would otherwise have continued longer. The observa- 
tions given in Table IX. may be grouped in another way, namely ac- 
cording to the length of the gestation. This has been done in Table X. 
This table shews 1°, that the shorter the gestation the smaller the 
young: 2°, that there are other influences at work likewise causing 
variations :—this is indicated particularly by the five observations on 
litters of four. It is possible to ascertain some of the other influences, 
as will be explained shortly. 

The extent of the influence of the length of gestation might be 
exactly ascertained by procuring premature delivery. The experiment 
was made a single time by putting a pregnant female together with a 
number of bucks. I obtained a litter of two (40th born Jan. 4, 1883) 
both females; they weighed respectively 68 and 63 grms., being as was 
expected from their having lost several days of intra-uterine growth 
very much undersized; the average weight for a litter of two as by 
Table VIII. is 76 grms. Incidentally it may be remarked that the 
mother at once began suckling her young, which is interesting, because 
it suggests that delivery in the auslösende Reiz of lactation, and 
thus implies the existence of a nervous mechanism, concerning which 
physiology is silent. 

1 One of the young died a few hours after birth. 
PH. XII. 8 
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TABLE X. 


Relation of the length of gestation to the weight of the young. 

In each square are given the average weights of the pigs born; the cor- 
responding length of gestation is given at the left of the line, the number of 
young in the litter in question at the top of the column. For example : the 
gestation of one litter of two lasted sixty-four days and the average weight of 


— 


. the young was 60 grammes. 
Number of young in each litter. 
Gestation 
64 60°0 | 49°3 
65 62˙2 58°0 52˙2 
66 81°0 
67 84:0 61:0 
70-0 
80-7 
82˙0 
99-0 
82-0 
69 93-0 | 119-9 
| 70 | 970 | 870 


| Unfortunately we possess no sufficient observations concerning the 
| growth of the foetal Guinea pigs; as soon as they are made we shall be 
able to judge whether the growth during the last days in utero is so 
rapid that cutting off a few of them would make a large difference in 
the weight at birth. That it is so is probable, hence we may conclude 
that the principal reason why large litters are composed of smaller pigs 
than the small litters (Table VII.) is that they are born sooner. This 
conclusion has struck me especially because it is an illustration of the 
untrustworthiness of the method of addition and subtraction by which 
Spencer and other simplicists seek to elucidate biology. In the 
fourth article I hope to recur to the subject and justify the condem- 
| nation expressed above. 
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The weight at birth varies according to the season of the year. 
This is proven as follows:—The pigs born in the period from May Ist 
to Nov. 15th come from parents which had been supplied with green 
food, such as the parents did not have during the remainder of the 
year. Adopting these dates I have divided the young into two classes, 
designated respectively as summer born and winter born; 208 summer 
born averaged in weight 72°2 grms. = 70°5+1°7 grms., and 173 winter born 
averaged 62°5 grms. or 705—8°0 grms. The difference is 9°7 grms. or 
13°9°/, of the average weight 70°5. It will be remembered that the 
actual averages are, for all males 70°8, for all females 70:1. I see no 
reason to doubt that the difference found is due to the more favourable 
nutrition of the parents during the summer season. 

The individuals of the same litter generally differ in weight. Let 
us take the recorded weights of 59 litters of two, leaving the sex, as 
hitherto, out of account since it is not an important determining factor 
of the natal weight. 


TABLE XI. 
Variation of weight of pigs born in litters of two. 
Weight in grammes lees No. obs. 
89-89, 84-84 0; 2 
90-89, 89-88, 83-82, 82-81, 78-77 
99-97, 72-70, 61-59 2; 3 
82-79, 44-41 31 2 
97-93, 85-81, 85-81, 74-70, 73-69 4/ 5 
93-88, 91-86, 89-84, 84-79, 75-70, 74-69, 74-69, 68-63 5 8 
73-67, 67-61, 67-61 6 3 
82-75, 81-74, 67-60 73 
93-85, 8476, 83-75 8 3 
102-93, 98-89, 91-82, 83-74, 70-61 91 5 
85-75, 84-74 10; 2 
93-81, 47-35 112] 2 
100-87 13; 1 
81-67, 74-60 144 2 
87-72 15 1 
92-76, 91-75 16 2 
128-111, 75-58, 64-47, 64-47 17 | 4 
87-67 20 1 
80-59, 74-53 21; 1 
99-75 22 2 
81-57 241 
113-76 35 1 
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Grouping the data of the above table we find that the two young 
differed in weight from 0— 3 grammes in 12 cases. 


4— 7 ” „* 19 ” 
8—11 „ 
12—15 „ 


16—19 „ 
20—23 „ „ 
23—27 ” * 1 ” 


35 ” 1 59 


In nearly half the cases,—28 out of 59,—the difference of weight is 
6 grammes or less. Were the number of observations sufficiently 
numerous we should probably find five grammes to be the most 
frequent difference, and that the frequency of the differences would 
diminish rapidly towards the zero and more gradually towards the 
upper limit of difference. Thus a curve of the frequency of the 
differences would be steep on the side towards zero, and less steep on 
the other side—a fact, the importance of which will be shewn during 
the theoretical discussions to follow. 

Looking again at Table XI. we may say that roughly speaking one- 
third of the litters shew a slight,—one-third a marked and one-third a 
great difference in weight between the two young. The original record 
shews that neither males nor females are more frequently undersized 
than the opposite sex. Probably these inequalities are due chiefly to 
inherent peculiarities of the individuals, and partly to varying conditions 
of nutrition in the uterus, such perhaps as a freer blood supply to one 
foetus than to another. Possibly investigations of the embryonic growth 
may elucidate the factors determining its amount, but at present we can 
only guess at them. As regards litters of odd numbers of young it 
might be suggested as there are necessarily more young in one uterine 
horn than in the other,—that the majority that are together, would be 
less favourably nourished than the minority in the other horn. In 
favour of this suggestion speaks the observation that in litters of three 
for instance there are often two smaller pigs of about equal size and one 
larger one. For example: 


Litter 1, First pig 54 grms, Second 56 Third 63 
” ” 60 9? ” 65 ” 81 
5 » „ 
” IL 46 ” ” 46 L 56 
66 ” 61 76 
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There are however very frequent exceptions; indeed the relations 
are actually reversed in three out of the first thirteen litters of three, 
there being two heavy and one light. Conclusive against the proposed 
explanation is the observation that the embryos taken from the uterus 
vary among themselves and that the under- or oversized one may be 
either alone or in the same horn as one of its mates. I dwell upon this 
point in order to make a renewed protest against the Spencerian view 
that growth is a simple debit and credit account between the organism 
and its food. 

A conceivable explanation of some at least of the greater differences 
of weight in the members of one litter is the hypothesis of super-fota- 
tion, with its corollary that some of the embryos are younger than others 
and therefore smaller. This hypothesis loses its plausibility through the 
observation that even when there has been only one coitus and the 
female kept isolated the young may be very unequal in weight. Thus 
in the 44th litter the gestation having lasted 70 days, there were two 
young of 93 and 81 grammes respectively—in the 45th litter gestation 
68 days, two young 87 and 67 grammes. 

It will be seen that I have not ascertained any of the factors causing 
purely individual variations in the weight at birth. 


PART II. THe Loss or WEIGHT AFTER BIRTH. 


Male Guinea pigs lose weight, as do new-born children, for a vari- 
able period of a few days, after birth. Table XII. gives the weights in 
grammes of males and females during the first five days, the data 
being copied from Tables XVI. and XVII. 


TABLE XII. 
Males Females 
Age in 
No. obs. Average Increase | No. obs. | Average | Increase 
0 200 70˙8 172 70˙¹ 
1 47 | -1°9 53 72-0 1-9 
2 43 70-0 11 53 73˙8 18 
3 48 73°4 3°4 54 776 3˙8 
4 44 77˙3 39 54 82:2 4°6 
5 48 82°6 53 54 86-9 4°7 
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From this table we learn that there is a very marked difference 
between males and females for the former lose, the latter gain in weight 
the first day, so that though the females begin with less average weight 
than the males, yet by the end of the first day they are heavier. The 
advantage is long maintained. One might say therefore that the be- 
ginning of growth in one sex is the reverse of that in the other, being 
negative in the male and positive in the female. The statement, how- 
ever, involves an obvious error, for the question of signs—plus or minus, 
—is not essential. It is essential ‘to observe the relative growth im- 
mediately after birth, compared with that a few days later. Such 
comparison shews at once that in both sexes the growth is retarded 
by birth but much more in the male than in the female, so much, in 
fact, that there is an actual loss. Not always however does the male 
lose, on the contrary in a few instances the retardation is insufficient 
to produce a negative change; in certain rare cases there is a positive 
gain, though slight, as in the female. The following examples will serve 
to illustrate these assertions :— 


TABLE XIII. 


Male No. Weighed at 


23 60 59 | 60 | 62 | 67 72 


42 65 62 | 62 65 69 | 74 
49 82 78 75 | 79 80 81 


In not a single case male or female does the retardation fail to be 
well marked, that is to say the growth during the first two or three 
days is always much less rapid than from the fifth day on. 

Hence we conclude that birth retards growth for from two to five 
days. In the third paper it will be shewn that the post-natal retarda- 
tion occurs in all mammals so far studied although it has been curiously 
overlooked by certain writers. I consider the retardation to be normal 
and physiological. 


| 
ö | 0 1 2 3 4 5 days 
if | grms. | grms. | grms. | grms. | grms. | grms. 
6 57°38 | 58:1 | 62:1 | 65°8 710 | 76-2 
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PART III. GrowrH To THE ADULT SIZE. 


1, Explanatory. It will be advisable to describe the method of 
tabulation adopted, which has proved convenient. Others may wish 
to follow it perhaps in modified form. Large sheets 19 by 24 inches 
were ruled with cross lines, every fifth line being heavy and red, the 

others blue, and ruled also into pairs of vertical columns. The hori- 
_ zontal lines correspond each to a given age; each pair of vertical columns 
to an individual Guinea pig. Fifteen pigs can be entered on one 
sheet, and the averages for each age be recorded on the right hand side. 
Each sheet can be worked by itself and thus the tabulation and averag- 
ing be carried forward as the records accumulate. Finally the totals of 
all the sheets can be added together and the average of the whole series 
of observations quickly ascertained. On the sheets one readily follows 
the growth of a given individual or compares its weight with those of 
other individuals of the same age. 

Table XIV. is a copy in condensed form of my Sheet 2 giving males 
Nos. 16—30, up to 210 days. It will serve to illustrate the character 
of the record; it should be said that it presents somewhat fewer gaps 
than most of the remaining sheets. For mere illustration the table 
would not be worth insertion; it will be found that it does also to 
demonstrate various points to be discussed later. 


The males and the females have been tabulated separately. In the 
case of the latter there are two sets of observations, one on females 
throwing litters: while young, and another on females not littering while 
young. In Table XV. these are all thrown together, with the result 
that the averages are too high, because many of them include the weight 
of the young carried by the mother. I have therefore constructed the 
corrected Table XVI. in which the weights falling viele the periods of 
gestation are omitted. 

The corresponding Table XVII. for the males of course requires no 
such correction. 
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Total 
weights. 
Obs. 
Average 
weights. 


0 71\ 98| 60 76 49| 56 75 86 89) 79 10| 73°9 
1 65 92 59 75 47| 55| 75 82| 86) 78 714 10 71:4 
2 66 97 60 74 46) 55 74 83 86 77 71810 71°8 
3 67 107 62 80 51 58 79 88 90 83 765 10 76°5 
4 69 107 67| 86 54 64 447 6 74:5 
5 751115 72 90] 58 67 87 97 100 92 853 10 85˙3 
6 79 122 95 103 104] 97 600 6 100-0 
7 82 128 84 105 68 79 99 111 1186 104 978 10 97˙3 
8 84 79 110 74 85 108 120 120 113 893 9 992 
9 116 103 97 68 99 89144] 95116 81 92 | 113 127 125 119 158115 105˙4 
10 115 104 100 72 103 96 148 99 119 83 96 | 116 128 131 124 163415 108-9 
11 155 102 1178 | 11 | 107°2 
12 158 140 134 
13 168 145 141 
14 177 152 144 
15 181 161 153 
16 188 169 160 
17 194 176 164 
18 195 185 174 
19 204 189 178 
20 211 198 187 
21 219 205 189 
22 229 212 193 
23 234 212 194 
24 243 224 212 
25 253 225 214 
26 256 239 220 
27 264 241 222 
28 268 260 238 
29 270 254 233 
30 268 255 235 
31 286 271 245 
290 258 
304 253 
304 270 
273 


S888 8888888888388 


TABLE ( 
, | Number of pig. 
<4) 1 iT | a | 2 * 
1 
1 ~ 
1 
1 9 
1 6 
1 8 
7 
1 
230 AULT + = — 9 
1 244 240 223 173 220 | 247 | 315 | 237 278 | 208 | 221 | 256 | 298 272 276 | 3708 15247. 
| 241 | 241 220 | 170 | 220 | 252 | 315 241 | 290 | 219 | 284 | 260 | 805 | 274 | 276 | 8758 | 15 | 250°5 
| 258 325 | 235 | 280 | 215 | 225 254 294 | 266 | 270 | 2622 | 10 | 262°2 
‘a 254 | 252 | 231 | 187 | 289 | 250 | 335 | 247 | 300 | 229 | 244 | 272 | 313 | 289 | 295 | 3937 15 | 262°5 
| 265 | 268 | 243 | 191 | 244 | 267 | 329 242 309 | 234 | 243 | 274 | 313 | 286 | 291 | 3994 | 15 269.5 
ig 306 | 294 | 272 | 219 | 276 | 296 338 | 261 | 383 | 250 | 257 | 282 319 | 311 | 296 | 4310 | 15 | 287° 
1 325 320 291 | 289 | 292 309 345 | 288 | 364 | 275 279 3327 | 11 | 302-5 
1 340 330 | 309 | 251 | 802 328 | 358 514 374 | 289 | 298 | 298 | 324 | 821 | 11 | 4742 | 15 | 316-1 
1 391 | 368 | 831 286 389 333 359 335 401 | 307 | 318 | 297 | 874 331 | 837 | 5097 | 15 | 3398 
) 379 355 327 | 292 | 845 367 | 876 351 407 | 822 | 327 | 800 | 345 | 825 | 837 | 5155 | 15 | 343-7 
| 401 | 867 | 386 | 297 | 350 379 | 370 | 364 | 412 339 | 343 | 364 | 428 | 389 | 899 | 5537 | 15 | 369-1 
| 390 | 869 | 350 | 307 | 869 | 401 | 404 | 400 | 457 | 875 | 378 | 879 | 447 | 409 | 425 | 5860 | 15 | 390-7 
| 430 | 396 | 374 | 329 | 390 | 418 | 441 | 414| 479 | 357 | 398 | 895 | 462 | 435 | 444 | 6162 | 15) 410°8 
. | 408 371 310 | 385 | 443 | 447 | 436 | 503 | 844| 420 | 418 | 490 | 447 | 464 | 6881 | 14 | 420°1 
if 475 | 429 | 408 | 363 | 405 | 455 | 463 465 584 | 845 | 440 | 412 | 492 | 454 | 463 | 6608 | 15 440.2 
| 487 | 439 | 425 | 880 436 | 485 473 | 474 | 544 | 877 | 452 | 435 | 508 | 481 | 469 | 6835 | 15 | 457-7 
1} 100 | 499 | 447 432 880 | 442 | 509 | 486 | 497 | 562 | 398 | 465 | 459 | 535 | 518 | 483 | 7112 | 15 | 474-1 
i} 110 561 | 491 | 470 | 420 | 490 | 533 489 | 465 | 560 | 412 | 450 | 487 | 561 | 514 | 494 | 7397 | 15 | 493-1 
1 120 598 545 | 498 448 507 | 556 505 512 606 | 471 | 502 515 579 | 562 532 793615 | 629-1 
1 135 657 577 540 | 483 | 555 581 | 586 552 610 487 | 498 513 | 548 | 674 504 | 8215 | 15 | 547-7 
1 150 | 683 | 602 572 495 | 578 581 535 600 645 | 533 | 533 | 565 | 614 | 605 | 569 | 8710 | 15 880. 
1 165 692 617 580 | 508 | 573 575 565 655 | 653 | 596 588 | 562 | 616 | 622 | 568 | 8965 | 15 697.7 
8 180 | 714 | 647 4 601 | 610 | 560 642 689 | 608 | 603 | 604 | 661 | 674 | 608 | 9346 | 15 628.1 
1 195 718 644 545 | 535 | 625 | 627 | 617 610 650 572 555 | 644 | 635 | 706 | 683 | 9316 | 15 621-1 
N 210 706 642 | 550 | 515 | 600 | 682 | 662 | 708 753 | 660 637 | 690 | 684 764 677 | 9875 | 15 | 658-3 
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TABLE XV. 
Guinea pigs—female. Averages of weight, etc. for successive ages, based 
on all the observations. 
Increase 
Age Totals over last | Average Daily 
Average | measure. | daily U 
days Weights No. obs. ment increase increase 
O 12052 172 | 701 
1 | 3818 | 53 | 720 | 149 1-9 2-7 
2 | 3909 | 53 | 738 | 18 1:8 2°5 
3 | 4193 | 54 | 776 | 38 51 
4 | 4438 | 54 | 822 | 46 4-6 5-9 
5 | 4692 | 54 | 869 | 47 4°7 5-7 
6 | 4576 | 50 | 915 | 446 4-6 5˙3 
7 | 5173 | 54 | 958 | 4:3 4-3 i 
8 | 5549 | 55 | 1009 | 5:1 51 5-3 
9 | 5898 | 56-| 1053 | 4-4 4-4 4-4 
10 | 6262 | 57 | 1099 | 46 4°6 414 
11 | 6108 | 53 | 1152 | 53 5-3 4°8 
12 | 6337 | 53 | 1196 | 4-4 44 | 38: 
13 | 6370 | 50 | 1274 | 78 78 6-5 
14 | 7327 | 56 | 1308 | 3-4 3-4 27 
15 | 7171 | 52 | 1879 | 71 71 5-4 
16 | 7650 | 53 | 1443 | 6-4 6-4 46 
17 | 7731 | 52 | 1487 | 44 | 4-4 3-0 
18 | 8020 | 52 | 1542 55 5˙5 3°7 
19 | 7737 | 48 | 1612 | 70 7-0 4:5 
20 8029 | 49 | 1639 | 27 2°7 1-7 
: 21 | 8767 | 52 | 1686 | 47 4-7 2-9 
! 22 | 9412 | 54 | 1743 | 57 57 3-4 
| 23 | 9208 | 51 | 1805 | 62 6-2 3°6 | 
: 24 | 9253 51 | 181-4 9 9 5 
25 | 9637 | 52 | 1853 | 349 3-9 21 
26 | 9650 | 51 | 1892 | 349 3-9 2:1 | 
27 | 9820 | 51 | 1925 | 33 20 
: 28 | 9718 | 49 | 1983 | 58 | 58 | 30 
29 | 10750 | 53 | 2038 | 45 4:5 2˙3 
a 30 1070151 | 2098 | 740 7-0 3°5 
5 31 | 10309 | 49 | 2104 6 6 3 
4 32 | 9753 45 | 2167 | 63 | 63 30 
2 33 | 9146 | 42 | 2178 | 1d 11 5 
7 34 10428 47 | 2219 | 41 4-1 19 
1 35 | 10920 | 49 | 2229 | 140 10 5 
; 36 | 9974 | 43 | 2320 | 91 9-1 4˙1 
7 37 10889 47 | 2313 |- 7 | 
7 38 | 9703 | 41 | 2367 | 5-4 5-4 2˙3 
39 | 12197 | 50 | 2489 | 72 72 3-0 
40 | 12881 | 51 216. 77 | 77 | 
3 
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TABLE XV. (continued). 
Increase 
Age * over last | Average D. 
Average measure- daily * lo 
days | Weights | No. obs. ment inerease | increase 
| 45 | 13609 | 51 | 2668 | 152 | 30 1-2 
| 50 13488 48 | 2810 | 142 208 11 
| 55 14946 50 | 2989 | 179 | 36 1:3 
| 60 | 15170 | 47 | 3228 | 239 | 48 1-6 
65 | 16236 | 49 | 3313 85 | 17 5 
| 70 | 16286 | 47 | 3465 | 152 | 30 9 
| 75 18299 49 | 3734 | 269 | 65-4 1-6 
| so | 19210 | 49 | 3920 | 186 |° 3-7 1-0 
| 85 | 20660 | 49 | 4216 | 296 | 5-9 15 
| 90 | 19883 | 45 | 4418 | 202 | 40 10 
| 95 | 19961 | 46 | 4339 |- 79 | -16 |- 4 
| 100 | 21542 | 46 | 4683 | 344 | 69 16 
| 105 | 11598 | 24 | 4803 | 120 24 5 
| 110 | 18436 | 38 | 4852 49 | 10 2 
| 115 | 10572 | 20 | 5286 | 434 | 87 18 
| 120 20370 40 | 5092 |-194 |-39 | — 7 
| 125 12628 24 | 5262 | 170 | 3-4 7 
| 130 11720 | 22 | 532-7 65 | 13 2 
| 135 20512 40 | 5128 |-199 | — 40 7 
140 10290 20 5145 17 3 06 
| 145 | 10841 | 21 | 516-2 17 3 06 
| 150 23131 42 | 5507 | 345 | 6-9 1:3 
155 | 15672 | 26 | 6028 | 521 | 10-4 1-9 
ö 160 | 14153 | 23 | 6153 | 125 2-5 4 
165 25492 43 | 5998 -45 |- 7 
170 12524 22 | 5693 8 
N 175 13800 24 | 575-0 57 171 2 
180 25008 42 | 5954 | 204 | 41 7 
N 185 12566 21 | 5984 3-0 6 1 
| 190 | 13258 | 22 | 6026 4˙2 8 1 
195 | 23769 | 39 6095 69 | 14 2 
200 | 10095 | 17 | 5938 157 | -31 |- 5 
205 11504 20 | 575-2 |-186 |-37 |- +6 
210 | 22087 | 36 | 6135 | 383 | 77 13 
215 11154 18 | 6197 62 | 12 2 
months 
8-5 | 15201 | 24 | 6333 136 7 ‘1 
8 | 23385 | 36 | 6496 | 163 | 33 5 
875 11769 | 18 6538 49 8 1 
9—5 10943 17 | 6431 |-101 |- 5 — 07 
9 | 16794 | 25 | 671-7 | 280 | 56 9 
9+5| 8711 | 13 | 6701 |- 16 |- 3 — 04 
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TABLE XV. (continued). 


— Totals Increase Average 
Age Average ps, — daily % 
months Weights | No. obs. ment. increase | increase 
12226 18 679°2 9:1 5 07 
10 22342 31 720˙7 41°5 8:3 12 
1075 14594 21 6988 | —21°9 — 44 
11—5 17135 24 7140 15-2 8 
11 23517 32 734˙9 20°9 4-2 
1175 17663 24 736°0 11 2 
12—5 17471 23 759°6 23°6 12 
12 22180 30 739˙3 — 20˙3 —4] | 
1275 14681 20 7340 | — 53 —-l] | - 
10698 13 822˙9 88˙9 4˙4 
13 17602 22 800-1 | —22°8 —46 | - 
1375 13092 16 818-2 18:1 3°6 
14—5 9589 11 8717 53˙5 2˙7 
14 16031 20 8015 — — 


— 
S 
& 
S 


1875 3880 5 7760 | —291 | — 58 | - 
19 7683 10 7683 |- 77 |- 3 — 
20 6682 7424 |-259 |- 9 

765°9 23°5 


15 | 16815 | 22 | 7643 77.8 | —156 | -1 
15 25 10780 | 13 | 8292 | 649 | 130] 1 | 
16—5 7824 9 | 8693 | 40-1 2-0 | 

16 | 13088 | 16 | 8149 | -—54-4 | -109 | -1 
1625 5430 6 | 9050 | 901 | 180] 2 
17-5| 11885 | 14 | 8489 |-561 |- 28 | - 

17, | 14016 | 17 | 8245 |-244 |- 49 
17+5| 8593 | 10 | 8523 | 278 56 
18-5 6006 7 | 858-0 5˙7 3 q 

18 9661 | 12 | 8051 | -529 | -106 | -1 | 

22 | 5506 7 | 7866 | 207 7 

28 4530 7 | 647-1 |-1895 | -— 46 | - 

24 | 3886 5 | 7772 | 130-1 4:3 


Guinea pigs, female. Averages of weight, etc. for successive ages, the 
observations on pregnant female not being included in the tabulation. 
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TABLE XVI. 


Totals Increase Average 
Average | measure-| daily % 
days | Weight No. obs. ae | oo 
0 12052 | 172 70-1. 
1 3818 53 72-0 19 1-9 2°7 
2 3909 53 73°8 18 18 2:5 
3 4193 54 776 3˙8 38 5-1 
4 4438 54 82-2 4-6 4°6 5-9 
5 4692 54 4-7 47 5˙7 
6 4576 50 91˙5 4˙6 4°6 5°3 
7 5169 54 95-8 4-3 43 4-7 
8 5549 55. 100°9 5-1 5˙1 5˙3 
9 5898 56 105-3 4:4 4°4 4°4 
10 6262 57 109-9 4-6 4°6 4°4 
11 6108 53 115˙2 5˙3 5˙3 4˙8 
12 6337 53 119˙6 4˙4 4˙4 3˙8 
13 6370 50 1274 7·8 78 6˙5 
14 7327 56 130˙8 3°4 3°4 2˙7 
15 7171 52 137˙9 7˙1 7˙1 5˙4 
16 7650 53 144˙3 6˙4 6˙4 4°6 
17 7731 52 148-7 4°4 4°4 30 
18 8020 52 154-2 5:5 55 3°7 
19 7737 48 161-2 70 70 4°5 
20 8029 49 163-9 2-7 2-7 17 
21 8767 52 168-6 4°7 4-7 2˙9 
22 9412 54 174˙3 5˙7 5˙7 3°4 
23 9208 51 180°5 6-2 6-2 3°6 
24 9253 51 181-4 9 9 5 
25 9637 52 185˙3 3-9 3°9 2˙1 
26 9650 51 189-2 3-9 3°9 2-1 
27 9820 51 192˙5 3°3 3˙3 2˙0 
28 9718 49 198-3 58 5˙8 30 
29 10750 53 202-8 4°5 4°5 2˙3 
30 10701 51 209-8 7-0 7°0 3°5 
31 10309 49 210-4 6 6 3 
32 9753 45 216-7 6˙3 6˙3 3˙0 
33 9146 42 217-8 1-1 11 5 
34 10428 47 221-9 4-1 4°] 19 
35 10920 49 222-9 1-0 1-0 5 
36 9974 43 232-0 9˙1 9-1 4°] 
37 10869 47 2313 |- 7 — 7 — § 
38 9703 41 236˙7 5˙4 5˙4 2°3 
39 12197 50 243-9 7˙2 142 80 
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TABLE XVI. (continued) 


Increase 
Average | measure. | daily lo 
days | Weight No. obs. ment | imerease | increase 

40 12831 51 251-6 77 77 3-1 
45 13609 51 266°8 15-2 3-0 12 
50 13488 48 281-0 142 2˙8 11 
55 14946 50 298-9 17-9 3°6 1:3 
60 14816 46 322˙1 23˙2 4°6 1°5 
65 15848 48 330˙1 80 16 5 
70 14487 43 336°9 6˙8 1˙3 4 
75 16231 45 360°7 23-8 4˙8 14 
80 15899 43 369°7 9-0 18 5 
85 16053 41 391°5 21:8 4˙4 12 
90 14964 37 4044 12˙9 2°6 6 
95 17837 42 424°7 20-3 4˙1 10 
100 16405 37 443°4 18-7 3°7 9 
105 7951 17 467 ˙7 24˙3 4°8 11 
110 13283 29 4580 | -— 97 | -19 — 4 
115 5888 12 490-7 32˙7 6°5 14 
120 15080 31 4865 |- 42 |- 8 — 2 
125 7841 16 490˙1 3°6 7 1 
130 9265 18 514-7 49 10 
135 17448 35 4985 | —16°2 | —3-2 — 6 

140 8483 17 499-0 5 1 00 
145 9048 18 502˙7 3˙7 7 1 
150 17270 34 507 ˙9 5˙2 10 2 
155 10196 21 4855 | —224 | —45 — 3 
160 9046 17 532˙1 46˙6 9˙3 19 
165 18075 33 5477 | —156 | —31 — 8 
170 9068 17 533-4 | -143 | -2°9 — 
175 9750 18 541-7 8-3 16 3 
180 20499 36 569-4 277 5°5 10 
185 8005 15 5837 | —357 | —7˙1 
190 9957 18 553˙2 19°5 3-9 7 
195 19255 | 33 | 5835 30.3 | 6-1 11 
200 8611 15 5741 | — 94 | -19 — § 
205 10131 18 | | — 4 
210 20028 33 606-9 44°] 88 16 

215 10352 17 608-9 2-0 4 05 

months 

8—5 14214 23 618-0 9-1 07 
8 22018 34 647·6 29˙6 2 
2 
6 
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TABLE XVI. (continued) 
Increase 
pares Totals over last | Average Daily 
Average | measure. | daily lo 
months Weight No. obs. ment increase | increase 
9+5 8711 13 670-1 | — 32 — § |= 1 
10—5 12226 18 679-2 9-1 5 07 
10 19953 28 712˙6 33˙4 6˙7 1-0 
1075 13829 20 691-4 | —212 — 42 6 
11—5| 16304 23 708˙9 17°5 9 1 
11 22659 31 730°9 22-0 4°4 6 
1175 15890 22 7233 | 886 -17 2 
12—5 15781 21 751°5 29-2 1°5 2 
12 17954 25 7182 | —333 -67 |- 9 
1275 13124 18 729°1 10°9 2˙2 3 
13—5 9820 12 818˙3 89°2 4°5 6 
13 15016 19 790˙3 | —28°0 -56 |- 7 
1375 12217 15 814-5 24:2 4°8 6 
14—5 7474 9 830˙4 159 8 1 
14 11282 15 | —783 — 
1475 6767 8 845˙9 93°8 18˙8 2˙5 
15 —5 9827 12 8189 | —-270 — 13 (— 1 
15 16157 21 | 769-4 | —495 |- 99 —1˙2 
1575 10780 13 829-2 59°8 12°0 16 
16 —5 7824 9 869°3 40°1 2-0 2 
16 12312 15 8208 | -485 — 97 (11 
16+5 5430 6 905-0 84-2 16°8 2˙1 
17—5 11093 13 853°3 517 — 26 | - 3 
17 13240 16 827°5 — | 52 6 
17 +5 7801 9 866°8 39°3 78 9 
18—5 5176 6 8627 |- 41[(—- 21 — 02 
18 7023 9 780°3 —82•4—16•5 
1875 3880 5 
19 6661 9 740˙1 | -359 |- 14 2 
20 4127 6 6877 172 
21 5129 7 732˙7 45˙0 15 2 
22 3581 5 7162 | -165 |- 8 — 07 
23 4530 7 647°1 | | - 23 | - 3 
24 2968 4 7420 94°9 31 5 
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TABLE XVII. 
Guinea pigs, male. Averages of weight, etc., for successive ages based on 
all the observations, ; 
Age Totals over last Average 
Average | measure. | daily 95 
days | Weight No. obs ment increase increase 
0 14162 | 200 70˙8 f 
1 3236 47 689 —1˙9 — 2˙7 
2 3008 43 70˙0 1-1 11 16 
3 3524 48 73°4 3°4 3-4 4°9 
4 3403 44 773 3-9 3°9 5˙3 
5 3964 48 82˙6 5˙3 5˙3 6˙9 
6 3620 41 88-3 57 57 6-9 
7 4201 46 91˙3 3°0 30 3°4 
8 4213 44 95-7 4°4 4-4 48 
9 5241 52 100˙8 5˙1 5˙1 5˙3 
10 5480 52 105˙4 46 46 4˙5 
11 4842 45 107˙6 2˙2 2˙2 2˙1 
12 5911 51 1159 8˙3 8˙3 77 
13 6065 50 121˙3 5˙4 5˙4 47 
14 6384 51 125˙2 3°9 3°9 3-2 
15 6480 49 132-2 70 70 56 
16 6710 49 136-9 4-7 4°7 36 
17 7382 52 142-0 5-1 5:1 37 
18 7455 51 146-2 4˙2 4˙2 2˙9 
19 7550 49 154˙1 79 79 5-4 
20 7925 | 50 | 1585 4-4 4-4 2-9 
21 8442 52 162˙3 3˙8 3˙8 2˙4 
22 8959 53 169-0 6°7 6°7 4-1 
23 8846 51 1735 4˙5 4°5 2-7 
24 8524 48 1776 4°] 4˙1 2˙4 
25 9049 50 1810 3°4 3°4 1-9 
26 8735 46 189-9 8-9 4-9 
27 9450 49 192˙9 3°0 3:0 16 
28 8696 44 197°6 4-7 47 2˙4 
29 10172 50 203-4 5:8 58 2-9 
30 9866 47 209-9 6˙5 6˙5 3˙2 
31 10187 48 212˙2 2˙3 2°3 1-1 
32 9661 45 214-7 2˙5 2˙5 12 
33 10343 47 220°1 5-4 5-4 2˙5 
34 9834 44 223 ·5 3˙4 3°4 
35 11075 49 226°0 25 2˙5 1-1 
36 9955 43 231˙5 5˙5 5˙5 2°4 
37 10353 44 235˙3 3°8 38 16 
38 9089 38 239-2 3°9 3°9 17 f 
39 11540 47 245 ˙5 6˙3 6˙3 2°6 
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TABLE XVII. (continued) 


Increase 
—— 
measure | increase increase 
days Weight No. obs. ment 
| 40 | 12489 | 50 | 2498 4˙3 43 | 17 
| 45 | 14306 | 52 | 2751 25˙3 Bl 2-0 
j 50 | 13860 | 47 | 2949 19°8 39 | 1-4 
55 16097 52 | 3096 14:7 9 | 10 
60 | 16729 | 51 | 3280 18°4 3-7 12 
65 | 17875 52 | 34387 15˙7 3•1 9 
70 138514 51 | 3630 19˙3 39 | Ll 
75 | 19888 | 52 | 382-4 19°4 39 | 11 
| 80 | 21105 | 52 | 4059 23˙5 47 12 
85 20837 50 | 4167 10°8 2-2 5 
| 90 22821 | 52 | 4388 221 44410 
| 95 | 22365 50 | 4473 8˙5 17 4 
| 100 | 23038 | 43 | 4660 18°7 3-7 8 
105 6420 12 | 5350] 69°0 13˙8 3-0 
| 110 | 29663 | 47 | 4822 | -528 | -106 | -20 
| 115 5625 11 | 511-4 29:2 58 12 
| 120 | 26707 | 51 | 523-7 12°3 2˙5 5 
i 125 6879 | 13 | 5292 5˙5 1-1 2 
1 130 6451 | 12 | 5376 8˙4 17 3 
| 135 | 23744 | 45 | 5276 |-100 — 20 | - ‘4 
140 5301 | 10 | 530-1 2:5 5 1 
145 6496 | 12 | 541°3 112 2°2 4 
| 150 | 27405 | 48 | 570°9 29-6 59 | 1d 
| 155 6626 | 12 | 5522 | -187 |- 37 |- 6 
| 160 6891 | 12 | 574-2 22-0 4-4 8 
iy 165 | 29559 | 50 | 591°2 17-0 3-4 6 
| 170 7834 | 13 | 6026 114 2˙3 4 
1 175 7695 | 13 | 5919 107 — 21 |- 3 
i 180 | 30333 | 50 | 6067 148 2-9 5 
. 185 7933 | 13 | 610-2 3˙5 7 1 
ig 190 8044 | 13 | 6188 8-6 17 3 
a 195 | 27065 | 43 | 629-4 106 2˙1 3 
i 900 | 8783 | 14 | 6974 |- 20 |- 4 | — 06 
iy 205 7804 | 12 | 6503 22˙9 4˙6 7 
| | 910 23786 | 36 | 6607 | 10-4 2-1 3 
215 8872 | 13 | 682-5 21˙8 4˙4 7 
months 
i! g-5| 7128 | 11 | 6480 |-345 |- 17 — 3 
| g | 24509 | 36 | 6808 32˙8 66 | 10 
| 875 5993 9 | 6659 |-149 | - 29 |- 4 
| 9-5 | 8555 | 12 | 7129 470 2˙3 3 
| 9 23792 | 32 | 7435 30˙6 6˙1 9 
| 
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TABLE XVII. (continued). 


Totals Is Dail 
he avenge | | | Duty 
months Weight No. obs. ment. | increase | increase 
975 6752 9 750˙2 6˙7 13 2 
10-5 8901 12 7417 85 | — 4 — 05 

10 24160 31 779˙4 75 10 
10+5 9588 13 7375 | —41°9 | — 84 | -1°1 
11—5| 13622 18 7568 19˙3 10 1 

11 27807 36 7444 | -124 [ — 25 — 3 
11751 10951 14 782-2 37°8 76 10 
12-5; 11883 15 792-2 10-0 5 06 

12 30598 39 7846 | — 76 | — 15 | — 
1275 11505 14 821˙8 37˙2 7˙4 
13—5 9020 12 7317 — 701 35 | - 

13 29089 39 7459 — 58 | -— 12 |] - 
1375 11712 15 780°8 34°9 70 
14-5 9273 12 7727 8˙1141— 41 — 

14 32655 45 7257 | —470 | — 94 | -1 
1475 11648 15 7765 50°8 10˙2 1 
15-5 9118 11 8289 52˙4 2˙6 

15 31610 41 7710 | —579 | -—116 | -1 
1575 12938 16 808°6 37°6 7˙5 1 
16-5 9121 11 829-2 20°6 10 

16 28950 37 7824 | -468 | — 94 | -1 
16+5 8674 10 867°4 85-0 170 2 


— 


—— 


6 22 | 24854 32 | 7767 9-4 
23 | 26641 | 34 | 7836 6-9 
24 | 24418 | 31 | 7877 4-1 


PH. XII. 3 9 


17-5| 17835 | 22 | 8107 56/7 
17 | 31243 | 41 | 7620 | —48-7 : 
17450 14994 | 19 | 7892 | 927-2 | 
18—5| 21717 | 28 | 7756 13˙6 
18 | 28257 | 38 | 7436 320 | 
18+5| 18570 | 23 | 807-4 | 63-8 : 
19 | 26498 | 35 | 7551 | —523 | 
20 | 24899 | 32 | 7781 23.0 
21 | 26089 | 34 767.3 10˙8 : 
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TABLE XVIII. (See Plate III.) 


To shew the average changes in weight of Guinea pigs for two years after birth 


as determined by condensing Tables XVI. and XVII. 


Females Males 
Averages Totals Totals Averages 
Ages 
= 72 1 in days 1 72 
< < < 4 
7 e d 0 b a A B 0 D E F 
70°1 | 172 | 12052 0 14162 | 200 | 70-8 
21 | 15 745 16011920 1—3 9768 138 70-6 00/00 
55 | 41 | 122] 15813706 4—6 10987 133 11:8| 39 5-6 
54 | 47 | 140] 100-7 | 165 | 16616 7—9 13655 | 142 | 96°2| 136); 5°5 
4:7 | 47 [1411148 163 | 18707 10—12 16233 148 109-7 4˙5 4:7 
50 | 58 | 17-3] 1821 | 158 | 20868 13—15 18929 | 150 126-2 5˙5 50 
43 | 5&7 | 17-0} 149-1 | 157 | 28401 16—18 21547 | 152 | 141°7| 15°5| 41 
35 | 52 | 15-6] 164-7 | 149 | 24588 19—21 23917 | 151 158-4 16°7| 3-9 
1-7 | 4:7 | 14-0] 178-7 | 156 | 27878 22—24 26329 152 178-2| 148| 3-1 
1-9 | 84 | 108] 189-0 154 | 29107 25—27 27234 | 145|187°8| 146| 2˙8 
26 | 49 | 14-7 | 208-7 | 153 | 31169 28— 28734 141 203-8 16˙0 
18 37 [ 11-1 | 214-8 | 186 31—33 80191 140 215-6 11˙8 39] 1°9 
16 | 35 | 105 | 225-8 189 | 31822 34—36 80864 | 136 | 226°9| 11°3| 1:7 
18 | 41 | 12-2] 287-5! 188 32769 37—39 80982 | 129 2402 18°3| 1°9 
1-1 | 25 | 28-0] 266-1 | 150 | 89928 40—50 40655 | 149 | 272°9| 32°7| 380) 1:2 
13 | 3:8 | 50°6|816-7|144/ 45610)  55—65 | 50701|155/397-1| 34.2 36] 1-3 
8 | 26 | 39-2] 855-9 | 181 | 46617 70—80 59507 | 155 383-9 56°8| 38 1-2 
1 9 | 84 | 51-2] 407-1) 120 85—95 66028 | 152 | 484-4| 50°5| 34] -9 
8 3-1 | 458-5 838 876389 100—110 49121 102 | 481-6| 47˙2 7 
1 5 | 28 | 488-3 59 28809 115—1 89211 76 622-8 41˙2 6 
1 21 9 1465028 70 85196 130—1 88496 67/5293; 70) 1 
1 — |- 26 78 365141 145—155 40527 72 3562-9 38:1; 2˙2 4 
5 | 27 [39-9 540-1 67 86189 160—170 44284 75/590°5| ‘3 
2110 | 1438/5541) 69 38254 175—185 45961| 76 604-7 142| 9 2 
2 11-2 [187 6781) 66 37823 190—200 43892 | 70/6270} 223) 1°5| 2 
3 115 | 22°7| 5958) 68 40511 205—215 40462 61668-3830 863) 
months 
2118 634˙5 [7446983 8-5 to 875187680 56 6720 8&7) 3 05 
‘2 | 11 666-6 52 34661] 9-5 „ 975189099 2˙2 23 
‘1 | 10 | 305 697-1 66 46008 10-5 „ 10751649 239) 81 
‘1 | | 246/ 721-7) 76 54858 11-5 „1175152880 68/7703) »3 04 
05 | 10°5| 7822) 64 46859 „ 1375158986 68 236) 81 
3 | 24 | 73-3) 8055) 46 37058135 „ 137510821 66 | 754-9 | - 89-0 |- 1-3 |--2 
— 03 — 3 |- 7°9|7976)| 82 25528 14-5 „ 1476153576 727441108 -3 |--05 
00 »05 1-6 | 799-2 | 46 367641155 „ 1575 68 | 789-2; 45˙1 2 
2 1˙8 | 30 25566165 „ 16751746 58 „5 »07 
— 02 2 |- 6˙6 845-6 38 32134 „ 1775164072 82 781-4 
— 2 803-9 20 16079 „ 1875168544 89 770-1 |-11°3 |- 4 — 05 
--1 |--9 (80.4 723·5 22 15917] 19-91 774 101 766˙5 3˙6 04 006 
— |-81-1| 692-4 16 11079 24 75913 97 16˙1 2 02 
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2. General course of Growth. For convenience, for increased ac- 
curacy and for greater clearness, Tables XVI. and XVII. have been 
condensed and in their new form are reproduced in Table XVIIL, 
together with certain results calculated from the data of observation. 
This table includes all my available measurements. It is fundamental 
to all the conclusions and deductions hereinafter to be discussed. 

We began with an explanation of the arrangement of Table XVIII. 
The central column gives the range of ages from the records of which 
the data on the corresponding horizontal line have been calculated. 
The corresponding average age is given thrice in the first, middle, and 
last columns; this arrangement was adopted merely to facilitate refer- 


ence to the table. The data for males are in columns on the right, 


each column being designated by a capital letter; the data for the 
females are on the left, each column being designated by a little letter. 
Thus the column A corresponds to column a, column B to column b, 
and so on. The columns for the two sexes are symmetrically arranged 
on either side of the central column, hence the order for the females is 
the inverse of that for the males. 

1, The comparison of the preceding table with the two from 
which it is derived shews that the averages run much more regularly 
and that the grouping has essentially diminished the accidental irregu- 
larities in the results and that consequently the essential variations 
come out more clearly. Columns C and o give the average weights in 
grammes for the successive ages, They increase steadily up to twelve 
months but after that vary irregularly, and this is true of both sexes. 
At birth the male is slightly heavier than the female 70˙8 as against 
70'1; but the female immediately makes a marked gain owing to its 
having a less post-natal retardation than the male, and it is not until 
the 29th day that the male weighing 203°8, catches up with the female, 
weighing 203°7. After the first month to the end of the first year the 
males at every age are on the average heavier than the females. The 
averages during the second year are so irregular, being taken from a too 
limited number of observations, that direct comparisons between the 
two sexes cannot be made. We may however take the averages of all 
the observations from the thirteenth to the twenty-fourth month both 
inclusive and for each sex. The total of all the weights for the period 
is,—for females: 200115,—for males: 491753. The total number of 
observations is, for females: 250 ;—for males: 633. Hence the — 
weight during the second year is for 

females 800°5 males 7769 
9—2 
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The females therefore are at birth slightly smaller than the males, 
during the first month decidedly larger, during the remainder of the 
first year considerably smaller, but when adult again decidedly heavier. 
The sexes do not vary alike and although one of them, the female, is 
during the majority of the period of growth considerably smailer than 
the other it yet surpasses its rival ultimately. These relations are 
rendered more evident by expressing the weights of the females in per- 
centages of the weights of the males at the same age. This has been 
done for certain ages in Table XIX., which is based on Table XVIII. 


TABLE XIX, 
Shewing the relative weights of males and females. 
Age A. Males B. Females Wits. B. as % of 
Weights Weights correspond. Wts. 
Days | 
0 70°8 70˙1 99 = 100 — 1 
1— 3 70˙8 74˙5 105= „ + 5 
10— 12 109°7 1148 104= , + 4 
19— 21 158-4 164°7 103= „ + 3 
28— 30 203°8 203°7 9=,- 1 
37— 39 240-2 237°5 982 „ - 2 
70— 80 383°9 355-9 92= „ - 8 
115-125 522˙8 488·˙3 93 „ 7 
160-170 590°5 540°1 91= ,,- 9 
205-215 663°3 595°8 89= „ -ll 
Months 
9 7377 | 666°6 =, —10 
11 770˙3 721˙7 93 „ 2 7 
13 754°9 805°5 105= „ + 5 
15 789-2 799°2 1012 „ + 1 
17 781°4 845°6 108= ,, + 8 
19— 21 766°5 723˙5 942 ,, — 6 
22— 24 782°6 692-4 88= „ 12 


The course of growth for both sexes is most readily shewn graphi- 
cally as is done by the two curves on Plate III. The curves are very 
similar. They begin with a very steep rise which gradually changes to 
a slight ascent. The latter part of each curve is quite irregular, the 
number of observations being insufficient to give a good series of aver- 
ages such as I might have hoped for had the experiments not been 
interrupted. In spite of the irregularity the curves evidently tend to 
become asymptotic to the horizontal. 
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Considered as a whole the curve is remarkable for the absence of 
any marked variations other than accidental. In this respect it differs 
very markedly from the curve of human growth. In man the greatest 
fluctuation in growth is associated with puberty, there being, as dis- 
covered by H. P. Bowditch, a præ-pubertal acceleration and a post- 
pubertal retardation, both modifications being greatest in girls. I think 
that a similar fluctuation occurs in Guinea pigs though to a very much 
less degree. The determination of the age of puberty in guinea pigs, 
I have not yet been able to make accurately: it appears to be about 
four months, but is also evidently extremely variable. The determina- 
tion rests firstly on the observation of the existence of the sexual 
impulse in males about the fourth or fifth month and secondly that 
young females left with older bucks not unusually become pregnant at 
from 100 to 150 days of age’. Now from Table XVIII. we may derive 
the following: 


TABLE XX. 
The average daily increase in weight from 
91-105 days is 3°1 grms. in females, 3-1 grms, in males 


106—120 2˙3 * 2˙7 
121135 ” 0-9 ” 57 0˙5 ” ” 
136—150 * 02 1 * 2˙2 = * 
151165 5 2˙7 ” ” 18 ” ” 
166—180 10 1 
181-195 * 12 * 15 


From this table we learn that there is a diminution of growth 
in both sexes beginning about the end of the fourth month, which is 
greater in amount and longer in duration in the female than in the 
male. I venture to think that this retardation corresponds to the 
post- pubertal retardation of the human species. There appears to be 
also a prepubertal acceleration, not in the sense that there is an actual 
increase of rate of growth but that there is a maintenance of an earlier 
high rate, instead of an inflexible falling off in rate as there would be 
were there no fluctuation in the direction of an acceleration. These ob- 
servations taken in conjunction with those of Bowditch and Pagliani 


It is to be distinctly understood that this determination of the age of puberty is far 
from certain. I have had females become pregnant before they were two months old. 
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on man raise the question whether in all mammals the double pubertal 
fluctuation of growth occurs. 


2. The study of the individual variations yields two important con- 
clusions: First, that any irregularity in the growth of an individual 
tends to be followed by an opposite compensating irregularity. Second, 
the variability diminishes with the age. 

The irregularity of growth of an individual is very great. 

Another branch of the investigation of the growth of guinea pigs, 
for which my experiments afford extensive materials is the study of 
individual variations. I have thought it best to postpone the discus- 
sion of this subject, as it demands special and systematic experiments 
to determine the causes and limits of the variation of growth. There 
is however one phenomenon, which may be mentioned here, namely 
each individual appears to be striving to reach a particular size. The 
fact, which I have thus expressed, is that if an individual grows for a 
period excessively fast, there immediately follows a period of slower 
growth, and vice versa, those that remain behind for a time, if they 
remain in good health, make up the loss (at least in great part if not 
always completely) soon after. Indeed to permanently dwarf a guinea 
pig requires an astonishingly prolonged interference; thus a young pig 
may lose one third of its weight, from a severe intestinal catarrh and 
yet make it up subsequently. The number of similar observations is 
so great, that we might assert safely that a pretty severe and prolonged 
illness will not affect very much the ultimate size. It is probable that 
the same is true of man and that therefore the usual and even the 
severer illnesses of childhood and youth do not greatly affect the 
ultimate size of the adult. In fact Pagliani“ has shewn that children 
brought up in poverty and undersized, will if placed under favourable 
conditions recover in the most surprising manner. 

The actual variations occurring are well illustrated by Table XIV. 
By way of further illustration, I give the growth of individuals in the 
following | 


1 To illustrate the matter however I have given a few curves of the growth of individuals 
on Plate II. 


2 Pagliani. Lo Sviluppo umano, etc., Milano, 1879. 
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TABLE XXI. (See Plate IV.) 
Growth of individual males. 


No. of pig 34 36 38 40 50 
Date of birth 19. xi. 81 16. xi. 81 17. xi. 81 27. xi. 81 6. xii. 82 

Age in Days 
0 42 80 79 63 48 
1 40 77 79 58 49 
2 42 77 80 53 49 
3 46 81 86 58 46 
4 49 86 88 58 57 
5 55 89 91 63 61 
6 58 94 95 66 
7 64 98 97 60 67 
8 69 101 100 58 71 
9 70 104 102 57 78 
10 75 103 103 64 82 
11 79 110 110 67 86 
12 80 119 118 73 89 
13 87 128 124 73 91 
14 92 130 130 75 91 
15 95 143 136 77 96 
16 97 147 132 81 104 
17 101 152 131 89 114 
18 103 155 142 97 116 
19 109 164 150 103 
20 112 174 156 106 116 
21 117 174 156 113 116 
22 121 181 166 105 125 
23 125 189 161 104 131 
24 126 191 177 104 134 
25 127 197 190 111 137 
26 140 207 192 115 139 
27 141 204 200 123 139 | 
28 139 214 194 122 141 | 
29 140 207 197 126 140 
30 144 210 197 122 149 
31 142 209 202 124 154 i 
32 151 211 204 133 157 
33 151 213 212 130 163 
34 152 220 210 128 160 
35 160 219 224 136 172 . 
36 158 230 217 136 165 
37 157 227 239 137 | 168 
38 156 241 227 157 177 
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TABLE XXI (continued). 


No. of pig | 84 36 38 40 50 
Date of ih 9. xi. 81 16. xi. 81 | 17, xi, 81 | 27. xi. 81 6. xii, 82 
Age in Days 
| 39 | 153 240 222 150 176 
40 | 159 242 238 154 189 
45 188 242 240 173 209 
50 | 209 288 273 187 222 
55 28 288 278 195 235 
217 292 313 211 218 
231 312 330 228 286 
230 338 352 230 292 
242 357 380 249 296 
246 361 385 272 317 
254 403 407 297 347 
271 429 425 297 350 
249 458 445 305 370 
257 445 329 398 
251 496 483 377 454 
496 
276 515 512 398 496 
514 
510 
290 542 508 471 522 
550 
541 
323 570 521 492 512 
| 470 
532 
365 570 544 552 
| 560 
561 

435 600 | 594 595 
580 
588 
608 
627 
654 
668 
635 

652 
687 
640 
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TABLE XXI (continued). 


No. of pig 34 36 * 40 50 
Date of birth 19. xi. 81 16. xi. 81 17. xi. 81 27. xi. 81 6. xii, 82 
Months 
10+5 705 
11—5 695 
11 575 630 613 
12—5 727 
12 716 602 635 719 
1275 773 
13—5 782 
13 460 697 705 645 758 
13+5 754 
14—5 792 
14 466 667 654 635 855 
1475 837 
15 747 757 718 
1575 901 
16 —5 912 
16 568 758 775 723 926 
1675 730 925 
17—5 571 810 722 968 
17 540 842 745 976 
1775 487 838 763 
18—5 520 824 742 735 
18 449 800 750 700 967 
1875 805 762 702 988 
19 469 801 833 698 
20 600 794 805 680 
21 575 809 772 687 
22 580 770 701 
23 553 810 760 715 
24 560 800 807 756 


From Table XXI. I have constructed the curves given in Plate II. 
Pig 34 is one which starts small and remains undersized. Pig 50 
starts small and attains a large size. Pigs 38 and 40 start about the 
same and keep together throughout, and illustrate particularly how 
each rapid growth of an individual is followed by a slower growth and 
vice versa, Pig 36 is one which occupies an intermediate position and 
is remarkable for the regularity of its growth. 

The relation of the variability to age may be conveniently studied 
by dividing the observations for each age into two groups one including 
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all the observations above, the other all below the average weight for 
that age. The average of one group gives the average variation above, 
and that of the other the average variation below the total average for 
that age. By carrying out these calculations upon the data included in 
Table XVIII. there has been obtained the following. 


TABLE XXII. 


72 


SSS S 88888 


Average variation plus and minus. 
Part I. Marxs. 
No. obs. % above 
A Total |A 
Age weight weight — 
days 
0 70˙8 100 8466 19°51 
1-3 72 6025 83°7 | 18: 
4-6 82°6| 67 6652 | 99°3 | 20°22 
7-9 96˙2 72 8167 113-•4 | 17°88 > 18-95 
10-12 109°7 | 71 | 9835 | 181°5 | 19°87 
13-15 126-2 73 | 10928 | 149-6 | 18: 
16-18 74 | 12889 | 167-4 | 18°14 
19-21 158°4| 71 | 18212 | 186-1 | 17°49 
22-24 178-2 76 | 15578 | 204-9 | 18°30) 17°13 
25-27 187°8 | 75 | 16290 | 217-2 | 15°65 
28-30 203-8 | 72 | 17001 | 236-1 | 16-09 
81-33 215°6 | 71 | 17956 | 252-9 | 17 
34-36 226-9 69 | 18103 | 262-4 | 15°65 
37-39 240°2| 68 | 18757 | 275-8 | 14°82 > 15°68 
40-50 272°9| 76 | 23963 | 815-3 | 15-54 
55-65 827°1| 77 | 28988 | 876°5 | 15°07 
70-80 383-9 83 | 86524 | 440-0 | 14°61 
85-95 434-4) 83 | 41004 | 494-0 | 18°72 
100-110 481°6| 57 30711 538°8 | 11°88} 12-12 
115-125 522°8| 33 | 19258 | 583°6 | 11-63 
130-140 529°8 | 34 | 19590 | 576°2| 8-76 
145-155 562°9| 89 23850 611•˙5 8-63 
160-170 590°5| 85 22390 639-7 833 
175-185 604°7| 34 22074 649°2| 7°36) 7°52 
190-200 6270] 37 24738 668-6 6°63 
205-215 663°0 | 30 707-4) 6 
months 
8-5 to 8+5 | 6720) 24 17573 
9-5 „ 975 | 787°7| 30 23674 7891) 6-51 
10-5 ,, 10+5 | 761°6| 29 | 24321 | 838-7 | 10-125 10-66 
11-5 ,, 1145 | 7703) 80 | 26922 | 897-4 | 16°50 
12-5 „ẽ 12+5 | 798°9| 29 | 25774 | 888°8 | 11°95 
18-5 ,, 13+6 | 754°9| 37 30678 829-11 9 
14-5 „ẽ 14757441] 38 | 81249 | | 10°51 
15-5 ,, 15+5 | 789°2| 32 27703 | 865°7; 9°69) 10°38 
16-5 „ẽ16 75 | 805°9| 3228327 8852) 9°84 
17-5 ,, 1745 | 781°4| 41 | 35889 | 875°3 12 
18-5 „1875 | 770°1| 43 | 37001 | 860°5 | 11-74 
19 ,, 21 766°5 | 49 | 42012 | 857-4 1135 12˙10 
8 782°6 | 44 | 38714 | 879-9 | 12˙6 


88S SSS 8888888 


16°87 


4 
| 
| | 
1 
v 9% above 
5696 57 | 19°49 
743 56˙7 | 19°92 
| 835 65˙7 | 20°46 
5478 783) 18°61)18-99 
5898 89-6 18°32 
5000 103-9 | 17°67 
9158 17-15 
| D705 133-8 15°58 
9756 141-5 | 18°30) 
| Dg 156°3 | 16°77 
733 | 170-0 | 16° 
2236 | 177°3 | 17°76 
| D761 | 190-5 | 16-13 
| 2225 200-4 16°57)16°31 
5692 228-7 | 16°20 
718 | 278-4 | 14 
. 2983 | 319°2 | 16°85 
| 5019 | 362°6 | 16°53 
8410 | 409°1 15·05 5 13˙31 
9958 | 475°3 9-08 
5906 | 482-0 | 9-02 
5677 | 505°4 | 10°21 
1894 | 547°3 | 7°32 
1 3887 568-7 5-95) 7°48 
1 9154 580-4 7°43 
il 9224 620-1 6°51 
f 
0057 626-8 6°73 
5425 | 670°6 | 9°09 
3328 678·8 | 10°87) 9-72 
1 5458 | 669°9 | 13°03 
8218 72348 
N 9148 | 660-1 | 12°56 
i | 2827 | 656-7 | 11-75 
| 5968 | 721-1 | 8-63)11-41 
4 8418 | 708-4 | 12-10 
i 3188 | 687-4 | 12-03 
543 | 685-7 | 10°96 
4 5404 | 680-8 11-18} 1082 
199 | 701-9 | 10°3 
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Part II. Femaes. 
No. obs. 0% above No. obs. % above 
4 Total A 0 | Total | A 
Age weight average! Weight weight. laverage| weight 
days 
0 701; 90 | 17°12 82 4667 56°9 18°83 
1-3 745 82 6967 | 85°0 | 14°09 78 4953 63-•5 14- 
4-6 86°7| 78 7901 | 101°3 | 16°84 80 5805 72°6 | 16°26 
7-9 100-7 | 85 | 10172) 119-7 | 18°86}17°07 80 6444 80-5 20-097 17•31 
10-12 1148; 83 11224 | 17°77 80 7483 93°5)| 18°55 
13-15 1321; 77 11976 155°6 | 17°79 81 8892 | 109°8 | 16°87 
16-18 149°1| 79 13782 173°8 | 16°57 78 9669 | 124°0 | 16° 
19-21 164°7 | 74 14167 191-4 | 16°21 75 10366 138-2 | 16-09 
22-24 178°7 | 72 | 15084 | 209°5 | 17°24}15°69 | 84 12789 152-2 | 14-83) 15°17 
25-27 189°0 | 73 | 16069 | 220°1 | 16°46 78 | 12471 160-0 | 15°34 
28-30 | 77 | 17665 | 228-1 | 11°98 76 13504 177-7 | 127 
31-33 214°8| 63 | 15981 | 252°9 | 17°74 73 13277 181°9 | 15- 
3436 225-3 69 17921 259-7 15°27 70 13401 191•4 15-05 
37-39 237°5 | 66 18043 273°4 | 15°12\.15°97 | 72 14726 204°5 | 13-89 )14-37 
40—50 266-1072 22114 15°41 78 17814 228-4 14°17 
55-65 316-7 65 | 23947) 368-4 | 16°32 79 | 21663 13 
70-80 8559 | 60 24927 415°4 | 16°72 71 | 21690 | 305°5 | 14-16 
85-95 407-1 54 25523 472°6 | 16°33 66 23331 353-6 13°14 
100-110 453°5 | 88 19989 526-0 13-78 15•44 45 17650 | 392-2 | 13-525 13-97 
115125 488-3 29 16397 565°4 | 15°79 30 12412 413-7 | 15-28 
130-140 502-8 34 19586 576-1 14°58 36 15610 433-6 18°76 
145-155 500-2 39 22648 580-7 | 16°09 34 13866 407-9 | 18-4 
160-170 540-1 85 21216 | 606°2 12˙24 82 14973 | 467°9 | 13°37 
175-185 554°4| 34 21324 627-2 | 13:13'13°19| 35 16930 483-7 12°75)12-84 
190—200 | 82 | 20481 638-5 | 11-41 34 | 17392 | 511°5 | 10°75 
205-215 595°8 | 89 25369 | 650°5 | 13-10 29 15142 5221; & 
months 
8-5 to 8+5 | 684-5| 36 | 25679 | 713-3 | 12-42 88 21274 | 559°8 | 11-62 
9—5 „ 9+5 | 6666| 19 | 14488 | 762°5 | 14-39 33 | 20173 | 611:3| 8-80 
10-5 „ 1045 697-1 85 27209 777-4 | 11°52} 12-66 | 31 | 18799 | 606-4 | 13-01) 11°64 
11-5 ,, 1145 | 721-7| 85 | 28735 | 821-0 | 13-76 41 | 26118 | 637-0 | 11-74 
12-5 „ 1275 | 7822| 35 | 28500| 814-3 | 11-21 29 | 18859 | 683-1 | 1: 
13-5 „ 18+5 806˙5 26 22540 867-0| 7. 20 | 14510 725˙5 9-93 
14-5 ,, 1476 | 7976) 20 17241 8620); 8-09 12 690°2 | 18°47 
15-5 ,, 16+5 799˙2 28 24614 8791 10-00 10-44 18 12150 675°0| 15°54713-08 
16-5 „ẽ 16475 | 8522) 15 14599 973°3 | 14°21 15 | 10967 | 781°1 | 14°21 
17-5 ,, 17+5 845-6 19 | 18088 949-4 12-27 19 | 14096 | 741°9 12 
18-5 „ẽ 18+5 | 8089; 10 9612 | 961°2 | 19°57 10 6467 | 646°7 | 19- 
» 21 728˙5 8 6491 12˙157 14°81; 14 673°3 | 6·•947/ 12˙12 
” 692-4 7 780°4 | 12°71 9 5616 | 624°0| 9 
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From this table by condensation we obtained the following 


TABLE XXIII. 
Average variation above and below for successive periods. 
I. Males II. Females 
Age % above % below Age % above | % below 
Days Days 
0 19°51 19°49 0; 17:12 18°83 
1-15 18°95 18°99 1-15 | 17-07 17°31 
16—30 17°13 16°87 16-30 | 15°69 15°17 
3165 15°68: | 1631 31-65 | 15°97 14°37 
70-125 12°96 14°34 70-140 | 15-44 13°97 
130-275 7°64 7-78 | 145-215 | 13°19 12°84 - 
Months Months 
10-13 12°10 11°33 8-12 | 12°66 11°64 
14-17 10°51 1150 13-17 | 10°44 13-08 
18—24 12°10 10°82 1824 | 14°81 12°12 


It will be noticed that the periods taken for the two sexes are not 
quite identical. The condensed table shews very clearly that the range 
in variation diminishes with age, and further that there is a period 
from 130—275 days,—about three months and a half—during which 


the variation in the males is very much less than at any other time. 


The cause or significance of this period I have not ascertained. There 
is no corresponding phenomenon in the female. The actual diminution 
of variability with age is probably decidedly greater for both sexes than 
indicated by the tables because, as will be remembered, the number of 
observations for the older ages is too small to give regular averages,— 
compare the curves, Plate III.— and therefore it is probable that the 
average variations deduced from my record are excessive as compared 
with the true values. As subsequent articles will shew this diminution 
of variability with age is demonstrable in the growth of other mammals, 
hence it probably occurs in all. We are led by this to put the question, 
whether all variability of the higher animals does not lessen with the 
age of the individual. In view of the extreme variations of structure 
which occur in all vertebrate embryos, and which as all embryologists 
know familiarly are far greater and more frequent than the variations 
of the adult, we are justified in asserting that there is a diminution of 


variability with age. To this problem I hope to recur in a subsequent 


article as it is important for its bearings on natural selection. 
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Let us consider next the effect of gestation on growth. It has been 
asserted by Carpenter, Spencer and others that the functions of 
nutrition and reproduction are in principle opposed to one another, 
because reproduction makes such a demand upon the parent for 
material that the supply for nutrition and growth of the parent is 
lessened. The reproductive process causes, according to these authors 
the impairment of nutrition and growth. Unfortunately they have 
both overlooked that they have made a preliminary assumption without 
adequate justification,—namely, that before reproduction, the organism 
must be already growing nearly or quite up to the maximum of its 
assimilative power,—if this were not the case, then the surplus or 
reserve capacity for assimilation would be called in to meet the repro- 
ductive demand, and the parent organism would meanwhile keep on 
growing as before. Now Edelfsen and Hensen! have shewn experi- 
mentally that female guinea pigs grow about the same whether they 
have young or not during their own growing period. In other words 
these animals have precisely that surplus power of nutrition, which 
Carpenter tacitly assumed not to exist. My own observations fully 
confirm the conclusion of Edelfsen and Hensen. To utilize my own 
data IJ have proceeded in the following manner :—There are 66 litters, 
of whose mothers’ weights at various times within 70 days before de- 
livery I have records. These data have been tabulated so as to give 
the following 

TABLE XXIV. 
Average changes in weights of 66 mothers before delivery. 


Average 
before| Total No. of rage | Daily ° 
Weight | obs. Average Increase daily Daily 
70-66 | 16200 | 40 | 4050 | 
65-61 25792 60 4299 24-9 50 1:2 
60—56 17168 40 429-2 — 7 — 1 — 00 
55—51 17270 38 4545 25°3 5-1 1:2 
50—46 18287 38 481-2 | 26°7 5˙3 12 
45—41 22925 42 545°8 64°6 12˙9 27 
40—36 18410 34 541°5 — 43 — 9 — 1 
35-31 17554 31 566˙3 24˙8 4°9 0-9 
30—25 22104 36 614-0 47°7 9˙5 17 
25—21 21227 33 643˙2 29-2 58 0-9 
20-15 21362 31 689-1 45°9 9-2 14 
15—11 35241 46 766˙1 770 15°4 2-2 
10— 5 34976 42 832˙8 66˙7 13°3 1-7 
5— 1 53137 63 843 ˙4 106 21 0˙3 
3 0 29999 35 857 ˙1 13°7 46 0-5 


, 1 Hensen. Arbeiten Keil. Physiol. Instit., 1868. 
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As the results of Table XXIV. are irregular I have sought to better 
them by a system of interpolations. The original records from which 
the table is calculated contain many observations giving the weights of 
the mother at intervals of five days or less. For all such intervals the 
weights have been calculated by dividing the difference between the 
two weights by the number of days, to ascertain the average daily in- 
crease, by which the weight for each day was then calculated. For 
example one mother weighed 487 grammes 40 days before delivery, 
and 522 grammes 35 days before delivery ; she therefore gained on the 
average 7 grammes daily, and the weights to be interpolated for the 
four days are 494, 501, 508, 515. In this manner large additions could 
be made to the data for the averages, without risk of introducing any 
important error. The following Table XXV. gives the results of the 
corrected tabulation; comparison with Table XXIV. will shew the extent 
of the alterations resulting from the interpolations. 


TABLE XXV. 


Average changes in weights of mothers during gestation, based upon 
observed weights plus weights calculated and interpolated. 


Average Daily 
before Total No. of 
70-66 37891 89 425˙7 
65-61 60302 147 4102 | —15%5 |-—3-1 — 7 
60-56 51459 131 |-—17°4 |-3%5 — 8 
55-51 63506 143 444°] 513 | 103 2°6 
50-45 68193 147 | 4639 198 40 0˙9 
45—41 79725 155 5144 50°5 101 2˙2 
40-36 73419 140 524˙4 10˙0 2-0 0-4 
35-31 68324 127 538-0 13°6 2°7 0˙5 
30-26 76281 132 577 ˙9 39°9 8-0 15 
25-21 76654 | 124 618-2 40°3 8-1 14 
20-16 86738 131 662˙1 43°9 14 
15-11 101412 143 709˙2 47˙1 9˙4 14 
10— 6 92000 123 748-0 38˙8 78 1-1 
5— 1 85969 108 796˙0 48-0 9°6 13 
3— 0 33207 40 830-2 34°2 | 11:4 14 


It will be convenient to juxtapose the average daily percentage 
increments of the two Tables XXIV. and XXV. as is done in 
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TABLE XXVI. 


Daily per cent. increase during gestation. 
Table XXIV. 12 -000 12 12 27 -0O1 09 17 
Table XXV. 07 26 09 22 O04 15 
09 14 #22 17 03 £405 
The results from the corrected table are somewhat more regular than 
those from the observations merely. There is certainly a greater per- 
centage increase of weight in the mother during the latter than during 
the first half of the period of gestation. According to the corrected 
table there is a loss of weight at the beginning of gestation, but as the 
averages are very irregular this may be an accidental result of the data 
being so few in number, but it is quite possible that such loss in weight 
is a normal consequence of the physiological disturbance ensuing upon 
conception. 

Table XXIV. shews that about 67-68 days before delivery the 
average weight of the mothers was 405 grms. 67 to 68 days is the 
usual length of gestation. Now Table XV. shews that this weight 
corresponds to an age of 90 days, hence we may assume that the age of 
the 66 mothers of Table XXIV. was about 90 days. Table XV. also 
shews that 70 days later the weight is 532'1 grammes, instead of 8302 
the highest value of Table XXV. this value being the average weight 
just before gestation ends. Accordingly gestation adds 300 grammes 
or more to the weight of the mother. My weighings of the same 66 
mothers within three days after delivery gives for 62 observations a 
total of 36456 grammes or an average weight of 588°0 grammes 0°3 days 
after delivery. Now the corresponding weight of& females not pregnant 
is 532˙1 as nearly as can be determined by my data, hence there is an 
excess of 55°9 grammes in favour of the gestating Guinea pigs. This 
is more noteworthy as immediately after delivery there is a loss of 
weight, so that the average of 588 is smaller than an average from a 
sufficient number of weighings at 0 days would be. So far then as we 
can judge at present gestation does not represent a tax upon the parent 
but a stimulus—it does not impede growth, but on the contrary favours 
it. The dogmatic assertions of Herbert Spencer concerning the op- 
position of growth and reproduction are open to justly severe criticism. 
On the other hand I think that Carpenter has contributed a very 
valuable generalization to biology in approximating the access of repro- 
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duction to the decline of nutrition, but I believe that he has interpreted 
the cause as effect, and that contrary to his view the diminished nu- 
trition is the cause of the reproductive activity, is the exciting stimulus 
of the development of the sexual products; in fact the sexual elements 
are never developed until after the most active growth and nutrition 
are over, and in many protophytes, the reproduction bodies as in Vau- 
cheria, are developed as soon as nutrition is impaired artificially. 

How far an extra demand upon an organism may go, without 
seriously impeding its growth might be tested by raising warm-blooded 
animals at various temperatures. If young mammals really have a 
surplus power of assimilation then those that are raised at a lower 
temperature,—provided it be within the limits of health,—ought to be 
able to evolve enough extra warmth to maintain their body tempera- 
ture and meanwhile grow to the same size as those raised at a higher 
temperature. Although such experiments appear to me of great prac- 
tical as well as theoretical importance, I have been unable to attempt 
them on account of their great expensiveness. 

The complexity of the relations of the total weight to physiological 
conditions is illustrated by the fact that though gestation does not 
hinder growth lactation causes a great loss of weight. I have utilized 
my records of the weights of the same 66 mothers tabulated in Tables 
XXIV. and XXV. and thus obtained the following 


TABLE XXVII. 
Average alterations of weight of 66 female Guinea pigs past partum. 


Days Total No. of | Average Daily 
after Average Increase daily 0 
delivery | weight obs. to 


0 14726 24 613°6 


1-5 31657 | 55 575°6 — 38-0 —7˙6 — 12 
6-10 28367 51 556˙2 — 19-4 — 39 — 07 
1115 20933 36 581˙5 25˙3 5:1 0-9 
16—20 20595 36 572˙1 — 9-4 -19 — 0˙3 
21-25 15394 28 549°8 — 22°3 —45 — 08 
26-30 11603 20 580˙1 30˙3 6˙1 11 
3135 11909 21 567˙1 — 130 — 26 — 0-4 


By the system of interpolations explained on p. 142 and used in the 
construction of Table XXV. I have obtained from the above table the 
following. 
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TABLE XXVIII. 


Average changes in weights of mothers during lactation, based upon 
observed weights plus weights calculated and interpolated. 
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Days Total | No. of Average | Daily 

0 | 14726 24 | 6136 

1-5 60974 110 554˙3 — 59°3 —119 —19 
6—10 57256 104 550˙5 — $8 — 08 — 0˙1 
11-15 49134 | 87 | 5648 14.3 2-9 0-5 
16-20 | 55832 | 99 | 5640 | — 08 | — 02 — 0-03 
21-95 | 46864 | 85 | 5513 | -127 | — 26 0-4 
26-30 39993 71 563˙3 12-0 2˙4 0˙4 
31-35 24543 43 570°8 7˙5 0˙3 


These tables shew that there is a great and very rapid loss of weight 
immediately after delivery and continuing several days, and that sub- 
sequently there is a continued loss of weight going on at a somewhat 
slower rate for about three weeks, after which the recovery of weight 
begins. Unfortunately the available data are insufficient to give a 
regular series of averages. The, change is often so conspicuous in an 
individual that the eye notes it in looking at the mother from day to 
day. 

It is probable that during gestation there is an accumulation of 
material in the mother’s body which afterwards is exhausted for the 
production of milk. In this manner we may account both for the over- 
gain in weight before delivery, and the loss of weight after. The 
destruction of my animals prevented my accumulating the extended 
statistics I had planned, concerning the relation of gestation and lacta- 
tion to the weight. The changes occurring indicate the existence of a 
complex nervous mechanism regulating the maternal nutrition. 

It is interesting to determine the average rapidity of growth, by 
dividing the total weight of a full grown animal. This determination 
could in any case be only approximative since the time when an animal 
is full grown cannot be exactly fixed because the latter part of the 
curve of growth is asymptotic. In the case of my Guinea pigs there is 
the further difficulty that the number of observations for the older ages 
is too small to give the true average. Table XVII. shews that 632 
observations of the weights of adult males from the age of 13 to 24 
months give a total of 489753 grammes or an average of 7749 grammes. 
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As there is only a slight change of weight during the second year, we 
may assume that there is no important error in fixing the weight of a 
male Guinea pig at the close of the first year at 775 grammes. To the 
365 days we must add 67 days for the period of gestation, 755 + 365 + 67 
= 182. Now rabbits of the larger breeds reach about 2500 grammes in 
one year plus 30 days. Man acquires a weight of 63000 grammes in 
about 25 years plus 280 days’ gestation. We may put these data in 
tabular form, thus 


Guinea pigs 775+ 365+ 67=1°82 grins. per diem 
Rabbits 2500 => 365 + 30 = 6°30 ” ” * 
Man 63000 9139 ＋ 289 6˙69 „ „ „ 


That men are larger than rabbits because they grow longer is a 
common: place of observation, but the table shews the curious result 
that the average daily increments are nearly the same in man and 
rabbits. On the other hand rabbits attain a larger size than Guinea 
pigs not because they grow longer, but because they grow much faster. 
In other words we have obtained numerical values illustrating the two 
opposite methods of attaining large size. The further study of these 
two methods appears to me of great interest on account of the various 
problems involved, but such study can. be carried out only by an inves- 
tigator with considerable means at his command. 

The average actual increments for the three species as reckoned 
above indicate the average rapidity but not the average rate of growth. 
The difference between rapidity and rate is discussed in the next sec- 
tion on senescence. To determine the rate we must divide the average 
weight by the average increment. As we have not sufficient data for 
calculating the average weight accurately for any of the three species, 
it will suffice for our present purpose to assume that average to be one 
half the adult weight. By this reckoning we obtain the following : 


TABLE XXIX. 
Increments 
A rates of Average /, of 
verage growth 
Guinea pigs } adult weight - 387 1:82 0:47 
Rabbit ii a 1250 6°30 0°50 
Man 5 „ 31500 6˙69 0˙02 
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From these per cents. we see that the rate of growth in guinea pigs and 
rabbits is not very different, as was to be expected in so nearly related 
animals; but it is sufficient to produce a great inequality in the final 
size, because the effect of the difference is accumulated, like compound 
interest on capital. The rate in man (002 /) is only th of the rabbits’ 
(0˙5 % . This comparison renders it still more strikingly evident that 
the larger size of man depends on the greater duration of growth. 

These percentages may be called the specific coefficients of growth. 
Together with the duration of growth they determine the ultimate size 
of the organism. 

3. The Law of Senescence. Growing old is a very complex process 
of which no concise definition can be given by the morphologist or 
physiologist as yet. Of all the occurring changes none is more charac- 
teristic of age than the loss of the power of growth, and to ascertain how 
that loss occurs is an important preliminary to the further study of the 
effects of age. The loss of the power of growth is properly speaking a 
change in the rate of growth, we must therefore first fix exactly the 
meaning of rate in a strict technical sense. This is the more necessary 
as the current application of the term rate seems to me incorrect and 
misleading. In fact in the writings of Quetelet, Cowell, Roberts, 
Gould, Pagliani, Street, Boulton, Liharzik, Bowditch, and others 
the rate of growth is discussed, but I am compelled to consider that 
they have all misapplied the term. They compare the index of the rate, 
the actual absolute increments of equal successive periods, but since 
during each period the size of the body increases, then if the rate of 
growth were constant the proportionate increment would remain the same, 
but the absolute increments would become steadily larger. Reciprocally 
it is evident from this that if the absolute increments are constant the 
rate of growth diminishes, a point which so far as I am aware has been 
entirely overlooked hitherto. It may be added by the way, that the 
preceding considerations shew that very little value attaches to those 
frequently made comparisons between the weight of the child and its 
weight at birth, for they can and do give only false notions concerning 
the rate of growth. 

Growth is a variable function of time. There are two convenient 
ways of presenting this variation, which I have adopted :—(1) we may 
take a constant interval of time (one day) and calculate the varying 
values of the change (percentage increments); (2) we may take equiva- 
lent changes and calculate the varying time. The latter method accords 
perhaps best with the actual phenomena, since as is shewn below, they 
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are best expressed, aside from certain variations, thus: — The older the 
body the longer it requires to accomplish a given equivalent of growth. 

(1) It is evident that the increase in weight depends upon two 
factors, first upon the amount of body substance or, in other words, of 
growing material present at a given time: second, upon the rapidity 
with which that amount increases itself. Hence for a given period the 
rate of growth may be expressed as the fraction of weight added during 
that period. Strictly speaking we ought to take the mean weight 
during the period, but that is hardly practicable, and for our purpose 
a less exact method will suffice, namely estimating the rate for each 
period, by converting the increase in weight during that period into a 
fraction of the weight at the beginning of that period. For convenience 
of comparison the fraction thus obtained may be reduced to the percen- 
tage increase during one day. The daily percentage increments have 
already been given in Table XVIII. columns /, F. 

This method of analysing the statistics of growth does not appear 
to have been employed hitherto although it may be considered a ready 
way of determining approximately the rate of growth. The value here 
assigned to the percentage increments is due to their shewing ap- 
proximately but directly the rate of growth. They demonstrate two 
fundamental facts :—first the rate of growth diminishes, almost uninter- 
ruptedly from the time onwards, when the animal recovers from the 
post-natal loss of weight; second the diminution is rapid at first but 
slower afterwards. 

For convenience I copy in Table XXX. the percentages for the two 
sexes from Table X VIII. 

During the first period from birth to two days the increase is zero 
per cent. in the males and only 2°1 per cent. in the females. These low 
values result of course from the post-natal retardation. By the fourth 
day the animals are well recovered so that for the second period (second 
to fifth day) the values are at the maximum for both sexes, being 5°6 
and 5°5 for males and females respectively. From this age onward the 
percentage increment diminishes very rapidly at first, afterwards more 
slowly. Towards the end of the series the percentages become irregular 
and even negative, owing to the insufficiency of the observations in 
number. The series of increments is shewn in Pl. II. figs. 1 and 2 in a 
graphic form. The comparisons of the absolute and the percentage 
increments, Table XVIII. shews at once that the former are entirely 
misleading as a means of determining the rate of growth. The two 
series are not parallel and the error, which would ensue from taking 
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the absolute increments as the measure of the rate increases, it will be 
seen, enormously with the age. The same holds true of human growth, 
as will be shewn in another article. 


TABLE XXX. 
Average daily per cent. increments. 
Age Males | Females} Age Males | Females 
Days: Months 
1-3 0-0 2˙1 8 0⁵ 2 
4—6 5-6 5˙5 9 3 2 
7-9 5-4 10 1 1 
10-12 47 47 11 04 1 
13-15 5-0 5-0 12 ‘1 ‘05 
16-18 4°1 4°3 13 — 2 3 
19—21 3°9 35 14 0°5 — 03 
22-24 31 17 15 2 00 
25-27 2˙8 19 16 07 2 
28-30 2˙8 2˙6 17 — 1 — 02 
31-33 19 18 18 — 05 — 2 
34-36 17 16 19-21 006 — 1 
3739 1-9 18 22-24 02 — 05 
40—50 1:2 11 
55-65 13 13 
70—80 1-2 8 
85-95 9 9 
100-110 7 8 
115-125 6 5 
130-140 2 
145—155 4 |-03 
160-170 3 5 
175-185 2 2 
190-200 2 2 
205-215 4 3 


(2) Let us now take equivalent growths and calculate the varying 
times required to accomplish them. As the unit of this calculation I 
have chosen for convenience’ sake 10 per cent. addition to the initial 
weight. Thus the average weight of males at birth is 70°8 grammes ; 
add 10 per cent. and it makes 77'°88—to this value 10 per cent. 77°88 
+ 7788 = 85°66, and so on as by compound interest. Assuming now that 
between two successive observations the growth proceeds in a straight 
line,—and this assumption is very close to the actual truth,—it becomes 
a simple question of proportion to reckon the ages corresponding to the 


q 
« 
4 
4 
é 
4 
d 


150 C. S. MINOT. 


series of weights by 10 per cent. additions. In this manner have been 
calculated the values given in the following 


TABLE XXXI. 


Age corresponding to ten per cent. periods. 
Males Females 
Weights in Weights in- 
— at |Age Gags First Age in First 
the rate of they fall Diff. the rate of they fall Diff 

10 % 10 9% 

70˙8 0˙0 70°1 0-0 

77°88 4-1 1 77˙11 2˙9 2˙9 

85-66 56 15 2 84°82 4-6 17 

94-22 77 2-1 3 93-30 6˙4 18 
103-64 9-6 19 4 102-63 8-4 2-0 
114-00 118 2-2 5 112°89 106 22 
125-40 140 2-2 6 124°17 12-6 2-0 
137-94 16-2 7 136˙58 14˙8 2˙2 
15173 18°7 2˙5 8 150-23 17°3 2˙5 
166-90 21°7 30 9 160-25 20°3 3-0 
183-59 25°3 36 10 181-77 24:1 3°8 
201-94 28-7 3°4 11 199-94 28˙3 4˙2 
222˙13 33°6 4˙9 12 219-93 33°5 5-2 
244˙34 38°8 52 13 241-92 38°7 5˙2 
268-77 4°9 14 266˙11 44˙8 6˙1 
295·•64 50˙2 6°5 15 292-72 8˙4 
325-20 59-2 9-0 16 321-99 59-9 6˙7 
357-72 9-4 17 35418 736 13-7 
393-49 77˙3 8˙7 18 389-59 84˙5 109 
432˙83 88˙6 11˙3 19 428˙54 96-0 11°5 
47611 100°7 12-1 20 471-39 112-0 16-0 
523-72 120-0 19°3 21 518-52 155°8 43˙8 
576-09 160-6 40°6 22 570-37 192-8 37-0 
633-69 201˙3 40˙7 23 627 ˙40 236˙6 43˙8 
697-05 258˙2 56˙9 24 690°14 296°6 60-0 
766˙75 298°3 40°1 25 759-15 374˙8 78˙2 


If now we subtract the ages, each from the next following one, we 
obtain the first differences which are given in the third columns of the 
table, and which shew how long it takes to make each addition of ten 
per cent. (10°/,). The first period required to make the first such ad- 
dition is longer owing to the loss of weight after birth requiring to be 
made up; it is longer, 4˙1 days, in the male than in the female, 2°9 
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days. The second period is much shorter, 1°5 for the male, 1°7 for the 
female. From the second period onwards the 10 per cent. intervals 
become longer uninterruptedly save for certain slight irregularities. 
Whether any of these irregularities are significant or whether they are 
all (like those near the end of the series) accidental I am unable to 
decide. The absolute value of the change of length from one period 
to the next alters slowly at first, afterwards rapidly. 

I have used the data in XXXI. to construct the curve given as Pl. II. 
Fig. 3, in which the ordinates shew the weights calculated by ten per 
cent. additions and the abscisse the ages at which those weights fall. 
The distances between the vertical lines give the comparative length 
of the successive periods. This curve may be called the chart of senes- 
cence because it shews the progressive loss of the power of growth with 
the advancing age. Table XXXI. permits another form of graphic 
representation, which is given in Pl. II. Figs. 4 and 5. 

On these charts the periods are taken as units for the abscisse, and 
every ten-per-cent. period is taken as equal to one unit. The ordinates 
give the length of each period in days, as recorded in the table. This 
curve may be termed in a certain not mathematical sense the obverse 
or complement of that of the daily per cent. additions drawn in Fig. 1. 

I think it is now conclusively established that there is in guinea pigs 
a progressive loss in the power of growth, beginning almost immediately 
after birth. This has been overlooked by previous investigators’, be- 
cause they have .not correctly determined the true rate of growth. 
Liharzik alone seems to have had some notion of this change, but he 
formulates his idea so vaguely and states his “law” in so complicated 
a manner, making both his absolute increments and the length of his 
periods variable, that I cannot be sure, but still think it probable, that 
he failed to really grasp the idea of progressive loss. 

The loss of growth power as will be shewn in subsequent articles is 
equally demonstrable in the case of man, of other animals, and there 
can be little doubt that it is true at least of all mammals, This con- 
clusion raises the question whether other animals do not obey the same 
law, and sets, too, the more general problem whether in all living beings 
there is not a certain impulse given at the time of impregnation, and 
whether this impulse does not gradually fade out so that from the very 
beginning of the new growth there occurs a diminution in the rate of 
growth. The problem seems to me to possess a very profound interest, 


1 With few unimportant exceptions previous investigators have been upon the growth 
of man. . 
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because its solution, if I foresee correctly, would enable us to determine 
with precision and clearness a general characteristic of life. | 

The facts given in this paper together with others to be represented 
later fully confirm the views“ which I advocated nearly ten years ago as 
to the course of growth and the nature of death, and I see no reason 
to give up those views, but on the contrary am compelled to regard 
Weissmann’s notion of death as an entire misconception, nor can I 
agree to the theories of Bütschli or Götte. In the concluding article 
of this series I hope to return to this discussion and justify my attitude. 
To that article also is postponed the fuller presentation of the conclu- 
sion reached concerning the relation of organization to growth and 
death. 

Throughout this article we have been discussing the weights of 
animals. The weight is the outcome of many factors, the sum from the 
addition of numerous quantities, which at different ages are united in 
different proportions. It is therefore self-evident that none of our 
weights are strictly comparable with one another. Their relation may 
perhaps be better understood by the aid of a conception which for want 
of a better name, I have termed “the theory of physiologically equiva- 
lent weights.” If we change albuminous matter into fat, as may occur 
in the body, we shall obtain for a given weight of the former a fixed 
weight of the latter as an equivalent,—but,—this change induces secon- 
darily other changes in the body, which will still further effect the 
weight of the body. The weight in the albuminous condition may 
therefore be in consequence of secondary changes, very different from 
the weight in the fatty condition. In an adult animal the weight often 
fluctuates, yet we cannot suppose that the animal actually grows and 
ungrows, but we must assume some such series of changes as we have 
just imagined in changing albumen to fat. In short, when the body 
has a composition, A, it has one weight, and when it has the compo- 
sition B, ir has another weight,—and these weights are physiologically 
equivalent.” 

It cannot be doubted that a thorough investigation of the compo- 
sition of the body at various periods of growth is indispensable for any 
satisfactory study of the effects of age. Here again is an important 
research, which must be left for the indefinite future. 


1 Proceed. Boston Soc. Nat. History, xx. 1879, 191—192. 
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APPENDIX. 


Two simple bits of apparatus, which I have found useful may be 
described. 

The first is a feeding trough for oats and grain. It consists of a 
circular pan about 10 inches in diameter and 24 inches deep, from the 
centre of which rises a cylinder of tin, 7 inches in diameter and 15 inches 
high; near the bottom of the cylinder are four holes 14 inches in 
diameter. The cylinder is filled with grain and supplies the trough 
as fast as the oats are eaten; as the animals cannot get in to the trough 
there is less chance, than there would otherwise be, of their soiling and 
scattering the supply of food. 

The second apparatus is for calculating the dates at which a guinea 
pig is to be weighed, given the day of birth. It consists of a ring 
divided into 365 spaces, and enclosing a circular disc the edge of which 
is likewise divided into 365 spaces. The spaces on the ring are num- 
bered according to the ages in days at which the weighings are to be 
made; the spaces on the disc are numbered to correspond with the days 
of the month. If now the ring is set with its zero opposite the day of 
birth all the ages for the weighings will stand opposite the proper dates 
on the disc, and one has only to read the dates off to escape all calcula- 
tion. In leap years there is of course a correction to make for the 
29th of February. By a simple device not calling for description either 


the ring or the disc may be revolved separately, or they may be revolved 
together. 
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ON SOME IMPROVEMENTS IN THE METHOD OF 
GRAPHICALLY RECORDING THE VARIATIONS IN 
THE LEVEL OF A SURFACE OF MERCURY, e.g. IN 
THE KYMOGRAPH OF LUDWIG. By T. P. ANDER- 
SON STUART, M.D., Professor of Anatomy and Physiology, 
University of Sydney, V. & W. Pl. V. Figs. 1, 2. 


FEw can have worked with the ordinary form of Ludwig’s Kymograph 
without having been annoyed by the frequency with which the mercury 
rises above the float of the style which then refuses to move till it is 
withdrawn by hand, the record being meanwhile interrupted. I think 
I am right in saying that this is the most troublesome defect in the 
whole apparatus. About eighteen months ago, when engaged in some 
experimental work involving the use of the apparatus, I found progress 
so much impeded by the old trouble that I determined to get over it 
if possible, and succeeded so completely that since that time I have 
never had a failure. The float now very rarely sinks below the mercury 
surface, and if from a very sudden and great rise the mercury does get 
up alongside or over the float the latter immediately rises again so 
that, the float being self-righting, the style never needs to be touched 
by the hand. 

During my attempts to attain this result I soon became convinced 
that the first thing to do was to get rid of the long point of bone which 
in the ordinary form of float sinks deeply into the mercury so as to 
carry the steel style. It was quite evident that the cause of the 
sticking of the style in the manometer was the mercury collecting on 
one side of the float and then, in striving to assume the spherical form, 
jamming it firmly against the wall of the manometer tube. This action 
is strikingly shown if a wide cylindrical test glass be filled with mercury 
and a rod be pushed into the mercury and moved about. The rod will 
get against the side of the vessel and be firmly held there by the 
mercury “folding round it.” This is a very striking little experiment. 
It shews that the friction in the Kymograph apparatus as it is usually 
made is not friction in the ordinary sense at all, and it explains how 
it so often happens that after everything has been made clean and 
every precaution has been taken to ensure success still the style will 
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stick. Thus the desideratum was a float and style which would be 
strong erough to do the work and which yet, with the weight of the 
pen and its friction on its guide and on the paper superadded, would 
be light enough to offer so little resistance to the rise of the mercury 
that the float would not be apt to get below the mercury’s surface. 
The weight of the ordinary form is about 44 grammes as compared 
with 1°8 grammes, the weight of the one which I am about to describe. 

The material which after many trials proved most satisfactory was 
glass. A glass tube melted and rapidly drawn out yielded a long, light, 
straight and smooth style with a bulb at the end. Around the upper 
part of the bulb is fixed by sealing-wax a collar of glass tubing, just 
large enough to move easily within the manometer tube, Pl. V. fig. 2. 
This collar is important, for its lower edge catches the mercury in its 
rise, so that float and mercury rise together, and it likewise keeps the 
bulb of the float on the centre of the mercury surface, so that the ten- 
dency for the mercury to go up on one side of the float is greatly 
diminished. It might be said that such a style is too frail, but it is 
rigid enough vertically—the direction in which rigidity is wanted, while 
laterally it is so elastic that with ordinary care it does not readily break. 
Further, since it does not stick in the manometer, one does not need to 
handle it during an experiment and in point of fact I have had one in 
use now for a long time. 

For a perfect result, however, this improved style is not sufficient 
by itself, since the ordinary pen-guide and the ordinary paper both 
contribute their shares of undue resistance. The usual way of keeping 
the pen against the paper is to have a weight hanging by a thread 
over the pen. Now a little reflection will convince one that this 
method is bad, for as the pen rises the obliquity of the upper part of 
the thread increases and so the pressure of the thread on the pen 
increases too. Thus if the pressure be just enough when the pen is 
low it is too much when the pen is high. Obviously then the degree 
of pressure of the pen on the paper cannot by this method be constant. 
Further, from the rising and falling of the pen or from accidental 
contact with the thread or the weight, oscillations of the weight are 
very common and these too introduce variations of the pressure of the 
pen on the paper. Lastly the quicker and higher the rise of the pen 
the greater during the rise is the extra pressure of the pen on the 
paper. The evil of the extra pressure from these causes is that the 
hindrance to the rise of the style being unduly great, the mercury now 
rises alongside the float which forthwith becomes jammed. 
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In order to get an even pressure of the pen I have introduced a 
guide of horse-hair—silk would answer well enough though I think the 
hair is best—attached above to the ordinary wire-guide sent out with 
the revolving cylinders, but fastened below to a spiral brass spring, 
which can be moved along a round brass rod which in turn is moveable 
along another such rod, screwed into the manometer frame and may be 
fixed in any position, Pl. V. fig. 1. Thus the hair may be placed in 
any position at either end, and kept at an even tension. If the hair 
be arranged parallel to the surface of the paper the pen will write at 
any height and always maintain exactly the same pressure on the paper. 

This arrangement, as it happened also permitted the re-filling of 
the pen, which is the ordinary one used in such apparatus, without in 
any way interrupting the record. Since the pen guided by the hair 
is always in the same practically vertical line, one has but to hold a 
pipette above the pen to let the ink drop evenly in—a great con- 
venience sometimes. 

The horse-hair does not rest directly on the pen, but plays in a 
little wire loop composed of one and a half turns of an open spiral 
stuck into the cork cylinder that carries the pen and is in turn carried 
by the style. This wire loop can be readily withdrawn from the cork 
and exactly replaced, so that it is very nearly as simple as letting the 
thread rest over the pen directly. Of course the hair-guide presses 
outwards so as to take the point of the pen inwards. The turns of the 
spiral being open the wire loop can be applied to or removed from the 
hair without undoing the ends of the latter. 

A final source of undue resistance is the quality of the paper. My 
experience is that the paper usually sent out in the rolls is of quite 
unnecessarily rough surface, is poor in quality and takes up too much 
ink. In Europe I suppose one would have no difficulty in procuring a 
better article—here I was at my wits’ end till it occurred to me that 
some of our newspapers were printed on fairly smooth paper of such 
good quality that it would neither offer undue resistance to the move- 
ments of the pen nor take up so much ink as to prematurely empty it. 
I therefore asked a friend, a newspaper proprietor, to keep me the end 
of a roll of paper. Thus I got a roll some 12 inches in diameter and 
42 inches wide which I sawed into convenient widths. I found this 
paper to be the best I had ever seen for the purpose. 

The total result of these improvements of method is that so far as 
the recording apparatus is concerned one is now able to practically 
guarantee the success of an experiment. 


— 
* 
4 
4 
* 
2 
} 


THE INTERFERENCE KYMOSCOPE, AN APPARATUS 
FOR DEMONSTRATING MANY OF THE PHENO- 
MENA OF WAVE MOTION. By T. P. ANDERSON 
STUART, M.D., (Zdin). Professor of Physiology, University of 
Sydney, N.S. F. Australia. Pl. V. Figs. 4—7. 


THE construction of the arrangement is as follows: —a tube, say 24 feet 
long, is coiled into a spiral of uniform diameter and into each turn is 
inserted a vertical glass tube about 14 inches high so that these mano- 
meter tubes stand in a row side by side. Gas-pipe with a lumen of 
7x in. is convenient for the spiral tube. The junction of the manometer 
tubes with the spiral tube is by little brass tubes (of uniform internal 
diameter) soldered into the spiral tube, and on these brass tubes the 
glass manometer tubes stand—joined to the brass tubes by a piece 
of rubber tubing. At their upper ends the manometer tubes are kept 
in position by being tied to a brass rod stretching from oue side of the 
frame to the other, and covered with a piece of rubber tubing to avoid 
risk of breaking the glass tube against the brass rod. The series of 
manometer tubes should be all of nearly equal lumen, and each tube 
should be as nearly as possible of uniform lumen throughout its own 
length. The upper ends of the manometer tubes have their edges 
rounded off in the blow-pipe, but the lower ends should be left as they 
are broken, for in rounding the lower end off the lumen might be 
diminished there. Through the nozzle the spiral tube is now filled 
with water already coloured by ammoniacal carmine solution to make 
it visible from a distance; this is aided also by having a white cardboard 
background for the series of manometer tubes. The coloured water 
is filled in till it stands about one-third of the manometer tubes, and 
the “normal” level of the water may readily be indicated by a readily 
adjustable band of Berlin wool tied round the series. 

Pressure changes in the spiral tube are of course at once indicated 
by corresponding changes of level of the water in the manometer tubes. 
Now since the pressure change at any point in the spiral tube spreads 


as a wave, it follows that the changes of level in the manometer tubes 
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should also spread in that form. Had however the spiral tube been 
kept straight the length of the wave in proportion to its height would 
have been so great that the wavelike form of the alteration of level in 
the series of manometer tubes would not have been manifest, but by 
shortening the wave, taking not the whole wave but samples of it, so to 
speak, at equal distances and bringing the samples close together, the 
wave like form of the pressure change as it is propagated along the 
tube is at once and strikingly manifest. It is in order to get the 
samples close together that the tube is wound in a spiral. A convenient 


diameter for each coil of the spiral is one foot. Air bells lodging in the 


manometer tubes are easily dislodged by a wire, but if the manometers 
be of tube wide enough the bells rise spontaneously. In the simple form 
of Kymoscope, Pl. V. fig. 4, the end of the spiral tube is closed with- 
out any noteworthy inconvenience arising from the reflex wave; but 
the circuit need not be closed, and I have devised forms of the Kymo- 
scope for physiological teaching purposes in connection with the cir- 
culation of the blood in which a real circulation of the coloured water is 
kept up. In this case of course a set of valves must be introduced ; 
such a modification of the Kymoscope is described in the following 


paper. 

The form of the wave is admirably displayed by the simple Kymo- 
scope where alternately compressing and letting go the rubber bulb 
creates the necessary pressure changes—positive and negative. The 
fact that the manometer tubes are open above permits such an unduly 
great change of level in the first tubes that the change is unduly little 
in the last tubes. This inconvenience were it worth while can easily 
be obviated in one of three ways, and for some purposes it may be 
desirable, but having made the compensation in all three ways I find 
that after all for most purposes it is not worth while. These ways are :— 
(1) make the inlets to the first tube the narrowest and gradually widen 
the inlets along the series; (2) have the first manometer tubes the 
narrowest and gradually widen the tubes along the series; (3) have an 
air vent at the upper end of the tubes, smallest in the first and gradually 
increasing along the series. The air vent may be a small stopcock or 
a thin metal cap perforated by a hole which gradually widens along 
the series of tubes. The method of carrying out the adjustment is 
worth noting. A considerable volume of water is allowed to run freely 
into and out of the spiral tube by alternately raising and lowering a 
reservoir; when no adjustment has been carried out the tops of the 
water columns in the manometer tubes rise or fall in a straight but 
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very oblique line: the rise and fall in the first tube is now limited to 
the requisite extent, and after this the others are limited so that the 
lines of rise and fall are straight lines but less oblique than before. 
The first mode of adjustment is easily accomplished by simply com- 
pressing the brass tube connecting the spiral and the manometer tube, 
and this done in the first few tubes is all that will be needed for most 
purposes. Where the size of the wave is to be shewn, two limits are 
to be marked, the crest and the hollow; and two wool bands may be 
used. 

For the demonstration of interference the Kymoscope is made with 
two coils ending in a common coil. Here accurate pumping is needed, 
and this is secured by the double piston pump shewn in the figure, 
Pl. V. fig. 6. One piston is worked by an arm, the other by a disc. 
Holes in the arm permit variation in the stroke of the piston and 
therefore, the pump tubes being of equal internal diameter, variation 
in the volume of water alternately thrown out and drawn in. The 
disc similarly permits variation in volume but likewise variation in the 
time of throwing out or drawing in the water. In this way two waves 
of the same or of different magnitudes and of corresponding or of 
different phases are sent into the two first manometer tubes and so their 
relation made visible; then they pass into the common coil, and the 
resulting wave is at once visible. Slots instead of holes in the arm 
and disc would be more perfect theoretically, but would be so much 
more troublesome to adjust that the holes are better. The pump may 
be driven by hand or motor. 
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THE CIRCULATION KYMOSCOPE, AN ARRANGEMENT 
FOR DEMONSTRATING MANY OF THE PHYSICAL 
PHENOMENA OF THE CIRCULATION. By T. P. 
ANDERSON STUART, MD., Professor of Anatomy and Phy- 


siology, University of Sydney, V. S. W. Australia Pl. V. Fig. 3. 


THE principle of this instrument has been described in the preceding 
r. 

The line of normal pressure is easily shewn to an audience by a 
band of white Berlin wool which surrounds the tubes and may be 
adjusted. When it is a question of size of waves, and thus two limits 
are to be marked, then two bands may be used—an upper and a lower, 


so that the oscillations between the two are at once seen. 


The spiral tube may be elastic or rigid; in fact, however even the 
rigid tube is elastic, for of course the manometers being open and the 
liquid rising within them against gravitation makes the rigid spiral 
into an elastic one; only instead of being elastic all round and all along 
it is elastic only at the points whence spring the manometers. Upon 
the whole the rigid tube is most serviceable for it is more durable, and 
one can so easily insert stopcocks instead of clamps for the vasomotor 
nerves’ action. 

With the manometer tubes open above the oscillation is large in the 
first tubes and diminishes rather rapidly in the rest. This however can 
be controlled in various ways, e.g. (1) The bores of the manometer 
tubes may increase onwards in the series. (2) Air vents may be fixed 
at the top of the tubes permitting much or little air to pass through as 
the case may be. Thus an air cushion above the column of liquid is 
provided on the one hand limiting the movements of that- column and 
on the other by its elastic recoil handing on the greater force to raise 
the columns in the next following tubes. (3) The inflow to the mano- 
meter tubes may be regulated by compressing the brass connecting 
tubes or by intercalating stopcocks between the spiral tube and the 
manometer tubes. This upon the whole is the best means, if the 
adjustment is wanted for any special purpose, but practically it may 
usually be dispensed with. 
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The actual method of adjustment is as follows. Alternately raise 
and lower a tubulured bottle containing water so that the water may 
alternately run into and out of the tubes. Now turn the first stopcock 
so that the first tube shews a column of the desired height, and then 
adjust the rest, one after the other, so that eventually the liquid rises 
and falls in the series of tubes with the tops of the columns in a 
horizontal line; this indicates that the quantity of fluid entering or 
leaving the tube in a given time is the same for all the tubes in the 
series, and so the adjustment is complete. 

The nozzle permits the ready filling of the instrument with water. 
Should air-bubbles get into the tubes—and the latter are so narrow that 
the air does not readily float up—it may be dislodged by a wire, the 
twisted wire used for picture-hanging is very good for this purpose. 
It is best to use tubes of such width that the air-bubbles come up of 
themselves—say iy in. internal diameter. 

The instrument may be modified in various ways so as to serve 
different ends, as will suggest themselves to anyone using it for teaching. 
For instance, by introducing stopcocks into the spiral, or clamps on an 
elastic tube and setting these at a mid position, the effect of the vaso- 
constrictor or vasodilator nerves on the blood pressure in advance of 
and behind the affected segment of vessel may be demonstrated. By 
inserting into the middle coils any resistance, such as the peripheral 
resistance, say by pieces of sponge or of wire-gauze, the rapid fall of 
pressure in the capillary area is at once made visible, so that the 
pressure diagram given in many books as a mere scheme is now 
realised. The liquid is best coloured with some alkaline carmine 
solution, so that it may be more visible, especially if the background be 
white cardboard. When one end of the spiral is connected with a 
reservoir and the other end is left open, the straight line of diminishing 
pressure is at once noted, and instructive changes follow the contraction 
or dilatation of inflow or outflow. When the inflow is intermittently 
interrupted a pulsation is seen at the inflow end but no pulsation at 
the outflow. When however the spirals are made part of a circuit in 
which a rubber bulb with valves—to represent the ventricle, ie. the 
heart—is placed, then the rhythmic contraction of the bulb is seen to 
cause two pulses—an arterial one from the force-pump action, a venous 
one from partly a suction-pump action of the bulb and partly a simple 
damming back or stoppage of the flowing stream. That the latter is at 
work one sees by putting into the outflow tube with either a constant 
or intermittent inflow a rigid, say a brass, tube and intermittently closing 
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the outflow with say a coin—here there is no suction and no forcing 
back—simply a stopping of the flow, and yet a pulsation is well seen. 

The fact that the normal arterial and venous pulses are not syn- 

chronous is well seen when the manometer tubes are arranged in a 
circle; then the first (arterial) tube and the last (venous) tube stand 
side by side, and the alternation is now very instructive. 
The force and frequency of the stroke, the volume of fluid ejected, 
and so on, may all be varied so as to imitate the variations of the 
heart’s action and its effects on blood pressure. When the heart is not 
working then the pressure becomes equal all round. 

The difference of the heart’s action as a force- and a suction-pump 
is well seen. First compress the bulb and keep it so; only the positive 
arterial pulse is seen. Now let it expand, and then only the negative 
venous pulse is seen. When the heart is working, the difference of 
pressure at the two ends is seen to be as the difference between positive 
and negative—not simply between more positive and less positive. 

The disappearance of the pulse in the area of the small arteries and 
capillaries is strikingly shewn, as is also the gradual diminution of the 
pulse that leads up to this. 

That the rate of flow of the stream is proportional to the difference 
of pressure as between the two ends is easily shewn by introducing 
a Lortet’s Dromograph into one of the middle coils so that the index 
may be kept steadily deflected. 


EXPLANATION OF PLATE V. 


Fig. 1. The recording apparatus in working order. 
Fig. 2. The style &c., enlarged to shew details. 
Fig. 3. Circulation kymoscope : 

a. Nozzle for filling in the coloured liquid: a rubber tube about 1} ft. 
long is slipped over the nozzle and held vertically: the liquid is 
poured into a funnel pushed into the upper end of the tube. 

b. Rubber ball representing the ventricle. 

c. Brass box containing the valves. 

d. Rubber ball: the tube traversing it is perforated: when the stopcock 

e is closed the valves are no longer in action, and the circulation 
kymoscope is thus converted into a simple kymoscope with a blind 
end shewing simply wave motion from one end of the coil. The 
author now usually omits this modification as he has sometimes 
found that it confused students. When the simple kymoscope 
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is wanted it is, upon the whole, better to have a separate piece 
of apparatus. 

Fig. 4. Interference kymoscope : : 

a. Nozzle for filling as in fig. 3. 

b. Manometer tube from coil 1. 


0. ” ” ” * 2. 

d. 9 oe commences the single series. 

if bee Ser eubting out cull 1; there is one on the other side for 
cutting out coil 2. 


Fig. 5. Scheme of interference kymoscope : 
1 and 2. nlets to coils 1 and 2. 
1“ and 2’. Stopcocks by which either wave may be cut out so as to 
shew the other as it is when not interfered with. 
1”, 2”, 3“. Brass tubes connecting the coils to the manometers. 


b. Brass plate perforated to allow passage of brass connecting 
tubes: these are thus held accurately in position. 

0. Rubber tube connecting the brass to the glass tubes. 

d. Glass manometer tube. 


Fig. 6. The double pump for use with the interference kymoscope. 


Fig. 7. The valves. 

a. Rubber bulbs attachment. 

5. Valves—a shelf with a circle of large holes for the passage of the 
liquid and a central hole for a guiding pin to the valve flap. This 
is a pieve of thick sheet brass. The opposed surfaces of the flap and 
shelf are ground on a plane surface, so that the fit is accurate, and 
the guiding pin must fit loosely, so that the weight of the flap will at 

once bring it down. 
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FURTHER OBSERVATIONS ON THE BEHAVIOUR OF 
CASEINOGEN. By SYDNEY RINGER, MD., F. R. S. 


IN a previous paper I describe a method of preparing caseinogen and 
some experiments made with it. In those experiments I used com- 
mercial rennet, made no doubt with tap water and commercial common 
salt, hence containing a considerable quantity of a lime salt. In the 
experiments (made in December and January) of this communication 
I employed rennet made by Mr Martindale, with distilled water and 
pure sodium chloride and free from any lime salt’. 

I prepared caseinogen by adding to a pint and a half of milk 90 C. c. 
of 10°/, solution of acetic acid“ and filtered through blotting-paper. 
Each day the curd was well rubbed up with distilled water and re- 
filtered, and this treatment was continued till the fluid passing through 
the filter gave no precipitate with solution of oxalate of ammonia, and 
only reddened blue litmus as much as distilled water. I then rubbed 
the curd in a mortar with carbonate of lime and added a pint of 
distilled water. 


Twenty-four hours after dissolving the caseinogen, two, four and six drops 
of calcium chloride“ solution to 10 c.c. of caseinogen solution produced no 
curdy deposit at the temperature of the room. Heated to 30 C. the solution 
containing six drops of calcium chloride solution became faintly granular, but 
this quite redissolved on cooling the solution. On adding to each test tube 


six drops of rennet at 30°C, the solution in each test tube almost immediately 
clotted. 


1 This Journal, Vol. x1. No. 6, p. 473, 

1 The following is his recipe. For every four ounces of the mucous membrane of the 
calf’s stomach add four ounces of pure sodium chloride. Place the mixture in a jar and 
allow it to stand five days. Then pound well in a mortar and mix with thirty fluid ounces — 
of distilled water with six ounces of rectified spirit. Percolate through muslin. 

I prepared another specimen, adding to the same quantity of milk 175c.c. of the 
acetic acid solution. Both specimens of caseinogen gave the same results with lime and 
rennet. 


Throughout this paper I employed 10 % solution of calcium chloride. 
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This experiment clearly shews that it is not necessary to add phos- 
phoric acid to induce clotting; and that a lime salt and rennet are 
sufficient. | 

Forty-eight hours after solution the caseinogen behaved the same 
with calcium chloride and rennet. 

By keeping however, the solution changes, becoming more easily 
curded or clotted by calcium chloride. Thus on the sixth day, at the 
temperature of the room two drops slightly curded, and four drops 
abundantly curded 10 C. c. of the caseinogen solution, whilst with smaller 
quantities of calcium chloride and rennet, with the aid of heat, the 
solution still clots. On the seventh day two drops of calcium chloride 
solution precipitated abundance of curd without the aid of heat, and the 
solution was neutral in reaction. At the same time six drops of rennet 
added to 10c.c. of the caseinogen solution at 30°C. curded the solution 
without the addition of calcium chloride’. 

On standing for many days the whole of the curd is deposited with- 
out the addition of any calcium salt, and the solution then strongly 
reddens blue litmus. The earlier changes before the precipitation of 
caseinogen are probably due to the formation of an acid, for we shall 
see that the addition of a minute quantity of acetic acid to milk, in a 
quantity quite insufficient to curd milk, strongly favours clotting by 
rennet and precipitation by calcium chloride. 

If however the caseinogen solution be heated over a boiling water- 
bath and the flask stopped with cotton-wool, sterilized by being held a 
short time in a flame, the solution can be kept indefinitely without 
apparent change. I experimented with some solution kept more than 
six weeks and it behaved just like a freshly-prepared solution. 

I next dissolved caseinogen prepared as before described in ‘3 and 
4% solutions of sodium bicarbonate. These solutions behave alike, 
differing only in the rapidity with which changes about to be described 
occur. Caseinogen freely dissolves in these solutions, and at first is 
milky, but in a few days, and much more quickly if the solution is 
boiled in a water-bath, the fluid becomes clear and of a light yellow 
colour. When first prepared this solution differs somewhat from the 
solution made with carbonate of lime, for it is less readily precipitated 
by calcium chloride and whilst clotting completely with the aid of 
calcium chloride and rennet, the clotting occurs more slowly. 


i, This solution of caseinogen contains a small quantity of a lime salt, taken up wien 
the caseinogen is rubbed with carbonate of lime. The quantity is insufficient to induce 
clotting with rennet in fresh solutions. 
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After a few days the solution clots less and less readily and abun- 
dantly, and still later large quantities as much as twelve drops of 
calcium chloride solution with six drops of rennet will not clot 10 e. c. of 
the solution at 45°C., neither will twelve drops of calcium chloride 
solution alone, although the temperature is raised to 90°C. 

When freshly prepared, no clotting occurs with rennet unless a 
lime salt is added. In these experiments only calcium chloride was 
tested. 

It was suggested to me that sodium bicarbonate converts caseinogen 
into alkali albumen and hence it could not clot with rennet. To test 
this suggestion, I precipitated the proteid with 10°/, solution of acetic 
acid. Abundance of precipitate ocourred. I filtered and washed the 
precipitate with distilled water till the acid was removed; then rubbed 
the deposit with carbonate of lime and added distilled water. After 
standing five hours I measured 10 cg. with six test tubes and added 
calcium chloride solution in the following order, two, four, six, two, four, 
and six drops, and the last three test tubes each received six drops of 
rennet. At the temperature of the room no change took place. I then 
placed, the tubes in a bath at 30°C. The tube containing six drops of 
calcium chloride became very granular, almost solid, but the deposit 
entirely dissolved on cooling the solution. No deposit occurred in the 
tubes containing four and two drops of calcium chloride solution. Each 
of the tubes containing calcium chloride solution and rennet clotted 
well and the clot rapidly shrank till it occupied only about a tenth of 
the fluid and was not dissolved on placing the tubes in iced cold water. 
It is obvious therefore that bicarbonate of soda does not change 
caseinogen into alkali albumen, but probably combines with caseinogen 
and makes the solution much more perfect and much more transparent, 
and at the same time antagonizes the action of rennet and of calcium 
chloride. In milk and in the solution of caseinogen by means of 
carbonate of lime the solution is much less perfect, and appears to be 
more of the nature of a perfect emulsion. 

Sodium bicarbonate affects milk in the same way. Milk to which 
sodium bicarbonate, in the proportion of 3 to ‘5°/,, is added slowly 
changes and in the course of ten days or a fortnight will not clot, whilst 
it can still be precipitated by calcium chloride with the aid of heat. 
The proteid however can be precipitated by acetic acid, and if washed 
and mixed with carbonate of lime on adding four to six drops of calcium 
solution and a little rennet (six drops) and heating the fluid to 30°C. it 
quickly clots. 
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Milk treated with caustic soda ‘2°/, solution behaves in the same 
way. | 
Heat facilitates the change by sodium bicarbonate and caustic soda, 
but boiling milk for four hours without these salts induces no change, 
as it clots readily with calcium chloride and rennet. 

The clotting of milk by rennet consists of two processes, and these 
can be dissociated, as the following experiment proves. 

I prepared caseinogen by adding acetic acid to milk. The precipitated 
curd was filtered through blotting-paper and carefully washed with distilled 
water for several days. I then dissolved the caseinogen in 3% solution of 
bicarbonate of soda, and again precipitated the dissolved proteid with acetic 
acid and washed it well during several days, and again dissolved with 3% 
solution of sodium bicarbonate, and again precipitated the caseinogen with 
acetic acid and washed it well through a filter. The fluid passing through 
the filter gave no precipitate with oxalate of ammonia, and some of the 
caseinogen incinerated and tested with oxalate of ammonia gave no precipitate 
or turbidity. It was therefore free from a salt of lime. I then dissolved the 
caseinogen in 3% solution of bicarbonate of soda, and twenty-four hours 
afterwards poured 10c.c. into a test tube, adding six drops of rennet and 
placed the tube for half-an-hour in a bath at 40°O. Next morning I again 
heated the solution to 40° and then placed the test tube in boiling water, 
the fluid neither curding nor clotting. This destroyed the rennet, as a control 
experiment proved. I then cooled the solution in water near the freezing 
point and poured it into a test tube containing four drops of calcium chloride 
solution without causing any clotting or curding. I then placed the test tube 
in water at 40°C. and in about a minute the solution clotted, on being cooled 
at the tap the clot dissolved, and when replaced in the warm water it again 
clotted, and the clotting by heat and solution by cold I repeated six times. I 
accompanied the preceding with a control experiment. I poured 10c.c. of 
caseinogen solution which had not been treated with rennet into a test tube 
containing four drops of calcium chloride solution. No curding nor clotting 
ensued nor when the temperature of the fluid was slowly raised to 95°C. 


In this experiment the rennet changed the caseinogen into caseine 
but produced no precipitation nor clotting. Then the rennet was de- 
stroyed by heat, and next after cooling the solution the additicn of 
calcium chloride clotted the solution at a temperature about 30° C. 

As the caseinogen was free from any lime salt it is obvious that the 
first process (gerinnung) takes place without the presence of a lime salt, 
rennet alone being sufficient, but no precipitation (abscheidung) occurs. 
This requires a lime salt, for on adding calcium chloride to the solution 
at 30°C. a well-marked clot quickly forms. Probably the caseine forms: 
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an insoluble lime compound, for the caseine behaves like many lime 
compounds in being precipitated by heat and dissolved by cold. 

The same experiment succeeded even better with some of the 
_ caseinogen treated with rennet (100c.c. to 4c.c, rennet) and kept at a 
temperature of 40°C. for twenty-four hours. The caseinogen was more 
completely changed to caseine, and hence on adding 10c.c. to four drops 
of calcium chloride solution and heating to 40° C. the deposit was more 
abundant. Much of the deposit dissolved at a low temperature. 

The independence of the two changes is shewn in another way. I 
added 30c.c. of Crosse and Blackwell’s rennet and 20cc. of 10°/, 
solution of calcium chloride to three pints of milk and placed it in a 
warm chamber at 40°C. After clotting I squeezed out all the whey 
and divided the curd into two parts; one I rubbed in a mortar with 3% 
solution of sodium bicarbonate, adding a pint and a quarter of the solution 
to the whey and heated the mixture in a flask over a boiling water-bath 
for half-an-hour and closed the flask with sterilized cotton wool. Next 
day, ie. twenty-four hours after, most of the caseine was undissolved, and 
on filtering the supernatant fluid and adding a weak solution of acetic 
acid a very little curd precipitated. On adding 4 c. c. of calcium chloride 
solution to 10 cc. and heating to 40° C. a very little curd was deposited. 

I then doubled the quantity of bicarbonate of soda and next day 
rather more caseine was dissolved. 

The other half of the curd I rubbed up with a weak solution of acetic 
acid, filtered and well washed till the fluid passing through gave no 
evidence of lime by oxalate of ammonia. This I then mixed in a 
mortar with 3% solution of bicarbonate of soda and poured into a flask 
and heated over a boiling water-bath. It quickly dissolved and five 
hours after all the curd was dissolved. On filtering the fluid and adding 
some weak acetic acid to 10c.c. it became solid. I cooled 10 cc. at the 
tap and poured it into a test tube containing four drops of calcium 
chloride solution. It became more milky but not curdy. On heating 
to 40° C. it clotted, becoming solid. On cooling at the tap the clot en- 
tirely dissolved and again the solution clotted on heating to 40°C. The 
solution without lime did not become in the least curdy on heating to 
90° C. 

In this experiment the acetic acid removed the lime salts and 
rendered the caseine soluble in bicarbonate of soda solution, which heat 
did not curd, but on adding calcium chloride solution and heating 
precipitation at once ensued and the fluid clotted as firm as milk. 

I now record another curious effect of calcium chloride. To milk 
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diluted with four parts of water I added rennet and placed the mixture 
for three hours in a chamber heated to 40°C, and then over a boiling 
water-bath. The rennet converted the caseinogen into caseine and this 
slowly settled. On shaking the mixture all the caseine became sus- 
pended, but in so fine a form that no particles could be seen. Yet 
when filtered the fluid passed through quite clear and all the caseine 
remained on the filter. 

Two test tubes each received 10c.c. of this suspended caseine. To 
one test tube three drops of calcium chloride solution were added and 
both were heated to 40°C. The fluid in the tube containing calcium 
chloride quickly became granular, then the granules aggregated with 
masses and all the caseine quickly settled, leaving the supernatant 
fluid quite clear. The other fluid without calcium chloride remained 
unchanged although the temperature was slowly raised to 90° C. 

Six drops added to 10 c.c. of suspended caseine quickly caused aggre- 
gation and clotting at the temperature of the room, and one drop to 
10 c.c. produced the same result in a solution heated to 90° C. 

Here then calcium chloride caused the aggregation of the minute 
particles into masses. 

The addition of a small quantity of acetic acid—too small to cause 
any precipitate—favours clotting. Two drops of 2°/, solution of acetic 
acid to 10 c.c. of milk containing two drops of calcium chloride solution 
and six drops of rennet accelerated clotting. Some commercial rennets 
are acid in reaction and are reputed to be very rapid in their action. 

We see a similar effect of a small quantity of acid in favouring 
coagulation of albumen by heat and in coagulation of myosin in rigor 
mortis. Probably the acid developed in a muscular contraction accele- 
rates the partial clotting of myosinogen, though this effect is speedily 
obviated by the alkaline blood neutralizing the acid and so assisting to 
prevent complete and permanent coagulation, and so assists repair. 
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THE ACTION OF SALTS UPON HEAT COAGULATION. 
By SYDNEY RINGER, M. D., F.RS., AvD HARRINGTON 
SAINSBURY, M.D., MRC. P. 


In a previous paper on the influence of certain salts upon the act of 
clotting’ a fluid capable of spontaneous coagulation was selected, and 
to this fluid salts in varying proportions were added. In this way it 
was sought to demonstrate the important part played by salts as agents 
favouring or retarding coagulation, and also that more or less antago- 
nism or interference resulted from the simultaneous admixture of certain 


of these salts. The cooperative influence of salts was suggested by some 


of the experimental results obtained, according to which a maximum 
effect (as measured by the rapidity of the act of clotting and the degree 
of shrinkage of the clot) was witnessed when sodium, potassium and 
calcium chloride were added in certain proportions. This question was 
not, however, followed up. 

The experiments about to be detailed form a natural sequence to 
those of the above investigation. The coagulation of certain proteids 
by heat was the process now examined into, the question being :—how 
the presence of salts might affect this process. Into the difference, if 
any, between the spontaneous act of clotting or setting, e.g. of blood 
recently shed, of milk to which rennet has been added, and the separa- 
tion by heat of proteid bodies, we do not propose to enter at all fully; and 
whether Gerinnung be one thing and Abscheidung another, this we must 
leave undecided. Neither have we in the first instance attempted to 
determine what might be the essentials, if one may use the expression, 
of the act of heat coagulation, we have simply taken that act and noted 
its modification by the presence of certain salts in certain proportions, 
and in respect of this same act we have examined the mutual reaction 
of these salts upon one another when present together. Secondly, we 
have touched upon the question of the essential factors of heat coagu- 
lation, but this really represents a side issue. 


1 This Journal, Vol. x1. p. 869. 
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The liquid with which we have chiefly worked has been serum, and 
in the majority of cases it has been obtained from sheep’s blood. In 
general this serum has been diluted with twice its volume of distilled 
water. 

Dr Halliburton’ has devoted much attention to the question of 
the proteids of serum, and he has shewn that, besides the main division 
of these bodies into serum globulin and serum albumin, the albumin of 
serum may, by fractional heat coagulation, be analyzed into varieties to 
which he has provisionally assigned the symbols a, 8, y. Further Dr 
Halliburton has tested the influence of salts upon the separation of 
these albumins, more particularly by the method of double saturation. 
From his experiments it would appear that the reaction of the serum is 
of cardinal importance in testing the temperature levels of heat coagula- 
tion, up to a certain point coagulation being facilitated by increased 
acidity. 

Limburg“ has stated in an investigation into the influence of salts 
upon the solution and precipitation of proteids that the separation 
temperatures both of albumins and globulins are modified by the 
presence of salts. He says “it would appear that by alteration of the 
saline percentage the coagulation temperature of a proteid solution is 
within certain limits first raised and then gradually lowered, till in the 
end the atmospheric temperature may alone suffice to separate the 
proteid.” “Globulins,” he further says, “differ from albumins in that 
they (the former) shew, for the most part, a lowering of their coagulation 
temperature in the presence of salts, whilst albumins shew the reverse.” 
This is given as a broad statement. 

In our experiments we have tested the action of the salts of lime, 
strontium, barium and magnesium, and likewise that of sodium and 
potassium chloride. We have also sought to determine the effect upon 
one another, in respect of heat coagulation, of salts taken from these 
two groups. 

Our method has been to dilute a portion of serum ‘which had sepa- 
rated by spontaneous coagulation, to add to this diluted serum the salts 
under investigation, and then to raise the temperature of such modified 
solutions by means of a water-bath. The temperature at which the 
proteid has begun to separate out has then been noted. Each experi- 
ment has been controlled by subjecting to the same conditions a portion 
of the diluted but otherwise unmodified serum. 

1 This Journal, 1884—1885. 
2 Zeitschr. f. physiol, Chemie, xm. 450. 1889. 


4 
“A 
4 
* 
q 
7 
¢ 
2 
- 


— —— — 


172 S. RINGER AND H. SAINSBURY. 


The following experiments were made :— 


Experiment I. Oct. 18. Serum from sheep’s blood shed on Oct. 15, 
diluted by the addition of two volumes of distilled water. Of this fluid 10 c. o. 
were placed in each of six test tubes. One test tube was used as control to 
the other five, the following quantities of a 10% solution of calcium chloride 
were added, viz., 1, 2, 4, 6 and 12 drops respectively. In the results these 
numbers will represent the several test tubes. 

The test tubes were then placed in a water-bath the temperature of which 
was gradually raised. 

At 58°C. 4 and 6 became slightly turbid. 

61°,, They were markedly turbid. 
63° 12 was distinctly turbid. 
65° „ 4, 6, 12 were completely opaque. 
2 was opalescent. 
69, 4, 6, 12 were semisolid. 
2 more opaque, I slightly turbid as compared with the control. 
72°,, 2 nearly as opaque as 4, 6, 12 but much more fluid. 
1 distinctly opaque. 
74°,, 4, 6, 12 more solid; 2 semisolid ; 1 more opaque. 
78° ,, Control slightly turbid. 
85° „ 4, 6, 12 solid, firm; 2 solid; 1 opaque and thick; control opal- 
escent. 
91°,, 1 had set; control more opalescent but quite fluid. 


The order of separation in this experiment was therefore in descend- 
ing sequence, beginning with the higher percentages of calcium chloride 
solution. The test tubes 4 and 6 came out a little earlier than the 12; 
this however was probably accidental as the difference was but slight. 

[In this experiment the drops were from the bottle and were larger 
than those of preceding experiments. In all subsequent experiments 
the drops were from a pipette and were uniform in size. They were 
smaller than the above.] 


Experiment II. In another experiment made on Oct. 18, with a nitrate 
of lime solution 10°/,. The quantities of Experiment I. were repeated. The 
results obtained were as follows :— 1 

65°C. 4, 6, 12 turbidity commencing, but most marked in 12. 
70°,, 12 quite opaque; 4 and 6 turbid. 

71°,, 12 densely opaque, semisolid ; 6 more opaque than 4. 
75° ,, 6 very opaque, 4 less so; 2 faintly opaque. ; 

78 4 quite opaque but less than 6 ; 2 distinct opacity. 

79 % 6 semisolid; 4 thick. 
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80°C, 12 quite solid; 6 also. 

81°,, 4 solid. 

86° 2, 1 and control opaque or opalescent; no great difference 
between them. 

97% No difference between these three. 


In this experiment the order of separation was strictly in accordance 
with the proportion of lime present. The drops in this experiment 
being smaller than those of Experiment I. we might expect a slight 
delay in the first appearances of turbidity. 

In an experiment made on Oct. 16 with calcium chloride, a 10% 
solution, the results obtained were similar to those recorded. The 
tubes containing 4, 6 and 12 drops did not however shew any difference 
in either the rate or the amount of heat coagulation. 

In an experiment with calcium nitrate, a 10°/, solution, made on 
Oct. 25, the sheep’s serum was from blood shed on Oct. 22. With this 
Experiment II. was repeated; the results obtained were very similar to 
those recorded, viz., 12 slightly preceded 4 and 6 at the temperatures 
62°—65°; at 78° all three were solid. Test tube 2 did not begin to 
become opaque till 68°, it became solid at 82°. Test tube 1 began at 
about 68°—73° and at 95°—97° became a soft jelly. The control became 
opalescent at 77°, milky at 81°, thick but quite liquid at 97°. 

The differences in the last experiment from the results of Experi- 
ment II. are probably due to differences in the quality of the serum. 

On Oct. 28 working with undiluted serum the effect of lime in 
favouring heat coagulation was quite distinct though the limits of 
divergence were much nearer together, e.g. the control became solid at 
77° C., and the presence of 12 drops of CaCl, solution (10% were only 
able to lower this temperature 6 degrees, for the 12 tube became solid 
at 71°C. (Undiluted serum is of course much more coagulable than 
diluted serum.) 

It will not be necessary to give further evidence of the favouring 
influence of salts of lime upon the process of heat coagulation of the 
proteids of serum, for the results are quite uniform, and the same 
evidence will be again forthcoming in experiments which shew the 
comparative or antagonistic action of salts. 


ExpertMENntT III. In this, serum from sheep’s blood was diluted with 
two parts of distilled water, and with this the Experiments I. and II. were 
repeated with the substitution of strontiwm chloride (a 10°/, solution) for the 
calcium salt. 

Six test tubes were taken, each containing 10c.c. of the diluted serum. 
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Five of these received strontium chloride in the following quantities, viz., 1, 
2, 4, 6 and 12 drops respectively; the 6th test tube remained as control. The 
test tubes were then placed in a water-bath the temperature of which was 
gradually raised. ; 
Oct, 24. At 65°C. 12 became slightly turbid ; this increased rapidly. 

69° „ 2, 4, 6 were slightly hazy. 

70° „ 12 shewed a dense white opacity. 

72° ,, 2, 4, 6 opalescent. 

74°,, 2,4, 6 milky, 1 hazy (73°). 

75°,, 12 thick. 

79% 2, 4, 6 white but 6 was most opaque. 

80˙ „ 12, 6 solid. 

81°,, 4 gelatinous, 2 thick, 1 milky, control opalescent. 

82°,, 4 solid. 

97° ,, 2 semisolid, 1 still quite liquid, unital more opalescent. 


The order of coagulation was here also in proportion to the quantity 
of strontium chloride, and on comparing this experiment with the lime 
experiments it will be seen that the strontium chloride effect corre- 
sponds closely with the calcium nitrate effect. It falls short of the 
calcium chloride effect (Experiment I.), but in that experiment, as 
mentioned, the drops of the lime solution were of larger size. 

In a previous experiment with strontium chloride made on Oct. 18 
results were obtained quite parallel with those of Experiment III. Tube 
12 led off at 65°, was closely followed by tube 6, whilst both became 
solid at 75°. Tube 4 began to be cloudy at 72°, at 80 became solid. 
Tube 2 became cloudy at 75°, became solid at 89°. Tube 1 became 
cloudy at 80°, but remained liquid at 97°. 

Slight differences in the quality of the serum will probably explain 
the slight differences in these two experiments with strontium chloride, 
but both point to a very decided favouring influence of the strontium 


salt upon heat coagulation. 


Barium chloride. 
Experm™ment IV. Substitution of barium chloride (10 Ü) for the lime 
and strontium salts. 
Oct. 20. The serum used was from blood shed on Oct. 15, it had a faint, 
rather offensive odour; it was diluted as usual. 


At 67° C. 12 became turbid. 
68°5° „ 4, 6 turbid. 
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70°C. 12 densely opaque, 2 turbid, 1 opalescent. 

73° ,, 12 semisolid (control faintly opalescent at 72°). 
75° „ 2, 4, 6 milky (2 rather less than 4 and 6). 
80˙ „ 12 solid, 4 and 6 gelatinous. 

82°,, 4 and 6 solid. 

83“ 2 semisolid, 1 milky, control opalescent-milky. 
88° „ I a little thick. 

94° „ 2 solid. 

95° „ I semisolid. 

96° „ Control milky but quite liquid. 

97°,, I rather more solid, control quite fluid. 


Again, these results shew a close similarity of effect between the 
action of barium chloride and that of strontium and calcium chloride. 
Barium however falls a little short of both of these salts. 

A previous experiment with barium chloride on Oct. 18 gave parallel 
results to those of Oct. 20, but the BaCl, in this was rather more active. 


Sulphate of magnesium. 


Exrermment V. A 10% solution of magnesium sulphate was added to 
the diluted serum (sheep’s blood) in the same quantities as before. The test 
tubes are named according to the number of drops of the magnesium solution 
they contained. 

Oct. 24. The serum was from blood shed on Oct. 22. 

At 69°C. 12 shewed a haziness. 

73°,, 12 was milky, 2, 4, 6 opalescent. 
75° „ 12 densely white, 1 opalescent. 
76°,, 6 milky. 
77°,, 2, 4 milky. 
78°, 1 more turbid, but less than 2 and 4, pee dos 
j 79° ,, 12 solid, 6 thick. 
80° „ 6 semisolid. 
81°,, 4 densely white, solution thick. 
83°, 6 solid, 4 nearly solid. 
85°,, 4 solid, 1 milky. 
92°,, 2 semisolid. 
93°, 2 gelatinous. 
97° „ 2 as above; 1? a little thick; control turbid. 


These results shew that magnesium sulphate acts similarly to the 
salts of the calcium group. In degree of action it differs but slightly 
from them. 
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A previous experiment on Oct. 19 with serum some 4—5 days old 
gave results parallel to the above, but the salt in this case appeared 
rather more effective, for tube 12 became solid at 77, and even tube 1 
became semisolid at 86°. In this case the control itself became more 
turbid or milky than in Experiment V., so that the difference in the 
serum, whether primary or as the result of keeping, must account in 
part for — observed. 


ExpermMent VI. In this serum, diluted with two parts of distilled water, 
was placed in 4 test tubes (in each 10 cc.) To the 4 were added respectively 
2 drops of Cal, 10% . A. 
B. 


” ” SrCl, ” 
„ Bal, „ C. 
„ „ MgSO, „ D. 
Clouding began in A at 70˙ C. 
” ” B ” 73° ” 


” ” 0 ” 74° ” 
” ” D ” 77° ” 


So far as this one experiment goes it points to a greater activity of 
calcium. The difference between B and C is inappreciable. No con- 
clusion however can be drawn here, nor do the experiments detailed 
above bear out such difference. 


Sulphate of’ zine. 


Oct. 31. One experiment, No. VII., was made with this salt (a 10% 
solution) on account of the resemblance which it bears to magnesium salts, 
e.g. in the isomorphism of the salts of magnesium and of zinc. Four test 
tubes were taken, each received 10 c. c. of diluted serum. The Ist remained 
as control, the 2nd received 2 drops of the zine solution, the 3rd 4 drops, 
the 4th 6 drops. 

All the tubes behaved exactly alike; they became a little cloudy between 
78° C. and 80°; milky between 78° and 85°. They were all quite liquid at 95°. 

On Nov. I, after standing 24 hours the three zinc sulphate tubes 2nd, 3rd, 
and 4th, in this order received 2, 4 and 6 drops respectively of calcium chloride 
(10°/, solution). They were then placed in a water-bath and the temperature 
raised. 


The control did not clot, the three lime tubes did, though somewhat 
irregularly ; thus the 2nd tube containing 2 drops of zinc sulphate solution 
+ 2 drops of OaCl, became solid at 90°, whilst the 3rd and 4th tubes 
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shewed only partial clotting. Hence whilst we cannot compare amongst 
themselves the lime tubes we again get evidence of the positive influence of 
lime in aiding heat coagulation. 

The next point of investigation concerned the mutual antagonism of 


salts in respect of heat coagulation. The salts chosen were the chlorides 
of sodium and potassium. 


Expermment VIII. On Oct. 27 six test tubes received each 10c.c. of 
serum of sheep’s blood diluted with twice its volume of distilled water. The 
blood had been shed on Oct. 22, and the serum was slightly offensive. The 
control test tube received 3 drops of CaCl, (10°/, solution). Each of the 
remaining tubes received the same quantity of lime chloride and the follow- 
ing quantities of NaCl (a 10°/, solution), viz. O·5 c. o., I c. e., 15 c. o., 2 c. c. and 
3 c. c. 

At 64 C. the control began to cloud; at 69° it was milky ; at 75° a soft 
solid. 

At 70°C. the 0˙5 C. c., 1 e. e., 1.5 C.., and 2 c. e. NaCl began to cloud; at 
72° they were milky ; at 77° the 0-5c.c. and 1 c. c. were coagulated into a soft 
solid; at 79° the 1-5c.c, shewed the like; at 79—80° the 2 c. c. shewed the 
like. 

At 72° C. the 3.c.c. NaCl began to cloud; at 80° it was slightly solid. 


In this experiment the tubes were unequally diluted, according to 
the amount of NaCl solution added, and accordingly on the same day 
and with the same serum the following experiment was made. Two 
test tubes containing each 10 c.c. of diluted serum received 

A. 3 drops of CaCl, + 4c.c. of distilled water. 
B. 3 drops of CaCl, + 4c.c. of a 10% solution of NaCl. 

At 65 C. A began to cloud; at 70° it was turbid; at 74° densely turbid ; 
at 81° semisolid. 

At 71°—72° B began to cloud ; at 75° was turbid ; at 79° opaque; at 82° 
densely opaque ; at 85° semisolid. 

In this experiment there was a distinct controlling of the coagulation 
by the NaCl, and this was also quite distinct in Experiment VIII. in the 
case of the tube with the 3c.c. of NaCl. 

In preceding experiments on Oct. 17 and Oct. 25 there was observed 
the same effect of NaCl in delaying heat coagulation in the presence of 
calcium chloride. 

On Oct. 17, 10 cc. of serum + lec. of distilled water + 3 drops of 
CaCl, 10 % solution began to cloud at 60°, at 75° became very opaque, 
at 78° semisolid. —* with this the same quantity of serum and 
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of lime+1 cc. of a 10% solution of NaCl in place of the distilled water 


did not begin to cloud till 75°, and did not become semisolid till 82°. 
On Oct. 25, taking only the extreme terms of the experiment, it was 
found that: 


10c.c, of serum +2 drops of CaCl, solution + 2¢.c. Aq. began to 
cloud at 70°. 


10 c.c. of serum + 2 drops of CaCl, solution + 2¢.c. NaCl solution 


did not begin till 77°. : 

The coagulation once started proceeded rapidly in all the test tubes 
(there were four), but it took place in the order of less NaCl to more 
NaCl. 

Sodium chloride controls therefore the action of a lime salt (CaCl,) 
to some slight extent. 

With regard to potassium chloride by itself, several experiments 
with diluted serum—1 in 10—shewed that the potassium salt behaved 
quite like the sodium salt in respect of heat coagulation ; this will be 
referred to later. In respect of its restraining influence upon lime 
chloride it appeared to act like sodium chloride. An experiment on 
this point was made ifi November, the results obtained however were 
not striking. Though this point has not been thoroughly tested, suf- 
ficient has been done to make it probable that NaCl and KCl run very 
parallel in respect of their influence upon lime. 

Whilst however NaCl and probably also KCl restrain to some extent 
the action of calcium chloride, they by themselves appear to favour 
heat coagulation ; i.e. the addition of either salt to a specimen of serum 
facilitates the separation of the proteids by heat. This is best tested 
with fresh serum having a neutral or faintly alkaline reaction. 


ExpERIMENT IX. In two such experiments made on Nov. 11 and 12, 
with quantities of potassium and sodium chloride varying from 0-2 c. e. to 
2 c.c. of 10°/, solutions—these quantities being added to 10 C. c. of the serum 
it was noted that heat coagulation first appeared in the test tubes containing 
the highest amounts of the salines ; this occurred at the temperatures of 69°, 


70°. The controls on the contrary did not give any clouding till from 77°— 
78°. 


At the end of the experiment, at temperatures of 95°—96° the 
amount of coagulation as measured by the degree of turbidity presented 
an ascending scale from the control up to the tubes containing 1 c.c. 
and 2 C. c. of salines. 


In the KCl experiment on Nov, 12 the tubes were next allowed to 
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stand 24 hours, then filtered, then rendered acid with 1 drop of a 27°/, 
solution of acetic acid to each tube. On reheating this solution an 
abundant precipitate occurred in all, but now in descending scale from 
the control to the highest saline. This confirmed the previous results. 

The reason for testing the point with fresh serum is that the acidity 
which develops on prolonged keeping of serum, e.g. on dialysing it, 
causes the more complete precipitation of the proteids, and the mode- 
rate effect of KCl and NaCl is unrecognizable. 

These experiments suggest that sodium and potassium chlorides 
whilst favouring to some extent heat coagulation, interfere somewhat 
with the activity of calcium chloride, though this activity is in the same 
direction. Such interference of similars is interesting. Calcium salts 
are however far more powerful than sodium or potassium chloride in 
favouring heat coagulation. 

The next point for determination was the part played by lime in 
heat coagulation. Was it essential? Could a proteid free from lime co- 
agulate under any circumstances? This question we have not been able 
to solve for the reason that we have been unable to obtain a lime-free 
proteid. For even though by dialysis of serum or by the dissolving of 
washed globulin in sodium chloride solution we have obtained solutions 
of proteids which gave either no reaction with ammonium oxalate or an 
indefinite one, yet the same solutions when coagulated, the coagulum 
collected and incinerated, yielded an ash which on treatment with 
hydrochloric acid and neutralization with ammonia and further addition 
of free acetic acid gave a turbidity with ammonium oxalate. 

In the case of globulin, to give one experiment, our method was as 
follows :— 


Experiment X. 150c.c. of blood were poured into 7000 C. o. of distilled 
water. A precipitate of globulin took place which gradually subsided. At 
the end of two days the supernatant fluid was syphoned off and then the layer 
of liquid containing the suspended globulin was filtered. The residue on the 
filter-paper was washed with distilled water, the washings giving no lime 
reaction with ammonium oxalate. The washed globulin was then dissolved 
in a 0°6°/, solution of sodium chloride. 


This solution of globulin coagulated on heating. The addition of 
calcium chloride solution to a fresh portion of this globulin solution did 
not give any increase of coagulation on heating. 

Whereas however before coagulation the globulin solution gave no 
reaction with ammonium oxalate, it was found that after coagulation 
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and removal of the coagulum by filtration the filtrate did give a slight 
lime reaction. 

The conclusion is that lime in minute quantity attaches itself to the 
proteid molecule so closely that by diffusion it cannot be removed. In 
the act of heat coagulation it would appear from the last experiment 
that dissociation of the lime takes place. The nature of the union it is 
impossible to speculate upon but, in the case of globulin, it is probably 
more intimate than a mechanical carrying down would express. 

Thus far then the question as to the essential presence of lime in 
the act of heat coagulation remains unsolved, for we have been unable 
to remove the last traces of lime from the proteids. 

It remains to ask what is the nature of the favouring influence of 
lime on the process of heat coagulation of which we have spoken. The 
quantities of lime here employed have been very appreciable ones, viz. 
from 2—12 drops of a 10% solution of the lime salt, for every 10 c.c. of 
the serum, diluted or undiluted. It is more than probable that these 
quantities of lime, even the lower numbers, are far in excess of those 
actually required in the chemical changes which the proteid undergoes 
in coagulation, that in other words the lime is not wholly used up and 
carried down as an insoluble compound with the proteid. If this be so 
then the influence of such superabundant lime must be of the nature of 
a removal of restraint, the lime inhibiting a restraining cause. In evi- 
dence of this we have some experiments which shew that if a solution 
of serum be rendered alkaline with caustic soda the proteid is almost 
wholly prevented from coagulating—such fluid being less affected by 
heat than the simple diluted serum—but that by the addition of calcium 
chloride (a neutral salt) the restraining influence of the caustic soda 
may be completely overcome. 


Exrknluxvr XI, Monday, Oct. 20. Serum from blood (sheep’s) shed on 
Oct. 15, and having a faint, slightly offensive odour, diluted with two volumes 
of distilled water. To 100c.c, of this serum 2 c. o. of a 1% solution of NaHO 
were added. This solution, of which the alkalinity was O 0002 %, was strongly 
alkaline to test-paper. Six test tubes were taken. 


a=a control of dilute serum without NaHO. 


„ with NaH0O. 
ce alkalinized serum + 1 drop of CaCl, 10%, 
d= 8 „ 173 drops „ ” 
¢= ” 6 6 drops ” ” 


f= ” ” +12 drops ” ” 
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At 65° C. precipitate began to form in /. 
69° % Jf, precipitate dense white. 
70° „ eand d faint o ce, 
72° ,, a, faint opalescence. 
75° ,, J, semisolid ; e, milky ; d, opalescent ; a, opalescent. 
80° „ ö and o faint opalescence. 
82 „ solid. 
85 „ solid. 
90˙ d, milky but liquid; a, milky but liquid. 
97° „ d, ha little thick; a, no change. 


Here, coagulation occurred first in the tube containing most calgium 
chloride, it then followed in descending order in the tubeg containing 
less and less calcium chloride, but in the tube containing’ only 1 drop 
of calcium chloride coagulation appeared rather later than in the non- 
alkalinized control. This must mean that the alkali was more than 
sufficient to be overcome by the small quantity of lime salt. 

The last-mentioned experiment was repeated on the same day and , 
with the same result, only more strikingly shewn. In this experiment 
the quantity of sodium hydrate was doubled, viz. 4 c.c. of a 1°/, solution 
to 100 ¢.c. of diluted serum, and here even 3 drops of calcium chloride 
solution failed to overcome the alkalinity, but 6 and 12 drops proved 
effectual and the tubes became solid at temperatures 84° and 78° re- 
spectively. 

An interesting modification of this experiment was made by alkali- 
nizing the serum by means of lime water and then adding calcium 
chloride solution. 

Experiments of this kind were made both with ordinary serum, 
diluted with two volumes of lime water, and also with dialyzed serum, 
the acidity of which was overcome by adding 18 drops of lime water to 
10c.c. In either case the solution was very distinctly alkaline. Such 
alkalinized serum was decidedly less coagulable than serum diluted with 
1 5 water only, but by the addition of calcium chloride the restraint of the 

alkalinity was overcome and the solutions became solid on heating. 
The results were very definite. Another experiment with a solution of 
globulin was made and with the same results. | 

The value of this experiment with CaH,0, is that on the addition 
of CaCl, no double decomposition can occur with the formation of other 
bodies, as may happen in the case of caustic soda or carbonate of soda. 
So far as can be seen the sole restraining influence of lime water is its 
alkalinity, and this is overcome by a neutral salt of lime. 
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Experiments were also made with serum acidulated with acetic acid. 
As is well known and as is expressly mentioned by Halliburton’ the 
degree of acidity of albuminous solutions is very important in the study 
of heat coagulation. Beyond a certain degree of acidity coagulation is 
not favoured but retarded, and it may be completely restrained. Calcium 
chloride added to solutions whose coagulability is partially restrained 
will in part remove that restraint, the solution again becoming coagulable 
by heat. Experiments of this kind were made in October with diluted 
serum and also with solutions of desiccated blood. 

To recapitulate briefly. Lime and the allied elements favour the 
heat coagulation of the proteids of serum. A similar action is exerted 
by magnesium sulphate. Magnesium has affinities with the calcium, 
strontium and barium group, and it also in some respects approaches zinc, 
but the resemblance to zinc is probably of a different kind, for we have 
not found that zinc possesses any favouring influence on clotting. The 
action of lime has been tried with two of its salts, the chloride and nitrate, 
and it probably is a class reaction; the like probably holds for strontium, 
barium and magnesium, though we do not furnish experiments in proof 
of this. Salts from this group of bodies being many of them insoluble, 
it is difficult to investigate the subject very exhaustively. 

It is of interest to note that in the process of coagulation by heat, 
as in the process of spontaneous clotting of blood and the clotting of 
milk to which rennet has been added, lime plays an important part. 
This similarity of behaviour holds also for barium and strontium as will 
be seen in our paper on the influence of salts on the act of clotting* 
In this paper we gave reasons for regarding the action of lime, strontium 
and barium as generic, and it is for this reason amongst others that we 
are inclined to believe that the influence of these same elements upon 
heat coagulation will be found to belong to their salts generally. One 
is led to infer a possible likeness in nature between heat coagulation 
and spontaneous clotting of proteid bodies. We learn from Dr Halli- 
burton that very little is known about the chemical changes which 
take place when albumin is coagulated by heat, but that the general 
assumption is that the percentage composition of the albumin remains 
unaltered. More than this cannot be stated, so he says, till the nature 
of the proteid molecule has been revealed to us. In the case of fibrino- 
gen the case is somewhat different for Dr Halliburton informs us that 


1 This Journal, loc. cit. 
2 Ibid. loc. cit. 4 
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Hammarsten has shewn that when it is coagulated by heat a proteid 
split off from the fibrinogen molecule goes into solution’. 

That there are differences between heat coagulation and spontaneous 
clotting we learn from one fact in particular, viz. that in the former the 
solution becomes more alkaline, whereas in the latter, as also in the 
stiffening of muscle in rigor mortis, there is a development of acid’. 

As matters stand then, we would only insist on the similarity which 
obtains both for heat coagulation and spontaneous clotting in respect of 
the influence of the elements of the alkaline earth group upon these 
processes, 

Next, with regard to the presence of a lime as an essential factor of 
heat coagulation, this question we leave unsolved, since we have been 
unable to remove the last traces of lime. As the result of our investi- 
gation however, we suggest that the favouring influence of lime salts 
when employed in appreciable quantities is of the nature of a removal 
of restraint. This we have illustrated more particularly by the action 
of lime in removing the restraint of an excess of alkali or acid. 

We have further shewn that between potassium and sodium chloride 
on the one hand, and lime chloride on the other, a certain amount of 
antagonism exists. In this respect our results were similar to those 
obtained with these same salts when we were investigating spontaneous 
clotting. With this difference, however, viz. that sodium and potassium 
chloride, when used singly, appeared to have some slight favouring action 
upon the separation of the proteids by heats. This subject we did not 
follow out, and further experiment is necessary to establish the fact and 
the limitations of this statement; more especially in respect of the 
all important question of dose it would be necessary to extend these 
last experiments. 


1 Pfliiger’s Archiv, xxII. 480. 
2 Halliburton, “Proteids of Serum.” This Journal, Vol. v. p. 155. 
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ON THE CONDITIONS WHICH DETERMINE THE DIS- 
TRIBUTION OF THE COAGULATION FOLLOWING 
THE INTRA-VASCULAR INJECTION OF A SOLU- 
TION OF WOOLDRIDGE’S TISSUE FIBRINOGEN. 
By A. E. WRIGHT, B. A., Trin. Coll, Camb., M.D. Univ. of Dublin. 


Preliminary Communication. 


THE injection of a solution of Wooldridge’s tissue fibrinogens into the 
veins of a living dog results in thrombosis of the portal vein and its 
affluents, the blood in the systemic veins and arteries remaining liquid. 
These important facts were elicited by Wooldridge’, and only his 
premature death prevented his following up this fruitful discovery. 

The observations which are to be communicated here will perhaps 
contribute towards carrying his work a step further. 

Wooldridge while describing the usual result of an injection of 


tissue fibrinogen to be the coagulation of the blood in the portal district 


alone, had not failed to observe that if the injection were made into an 
animal during active digestion coagula were also found in the right heart 
and in the pulmonary artery. The hypothesis which he put forward 
tentatively to explain these facts was, that the coagulation that occurred 
in the portal tract was due to the injected tissue fibrinogen there 
meeting some body which had been absorbed from the intestinal canal 
and which favoured coagulation. This body he supposed to be under 
ordinary conditions completely eliminated from the blood during its 
passage through the liver. In active digestion however he suggested it 
would be incompletely held back there, and the coagula found in the 
right heart would then be due to its overflow into the cardiac blood. 

This hypothesis, however, becomes untenable in the light of the 
following facts: 


1 Proceedings, Royal Society, 1886. 
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1. The coagulation occurs in the portal district, even when the 
injection is made in an animal that has been kept for six or 
eight days without food. 

2. The coagulation occurs not in the portal vascular system alone 
but all over the body, when the injection of tissue fibrinogens 
is made in an animal that has become dyspnoeic by compression 
of the trachea. 

In evidence of this last fact the following protocol may be quoted. 

Sept. 22,1890. Fox-terrier—cannula inserted into the jugular vein, 
trachea compressed with a ligature; as soon as dyspnoea has become 
marked 25c.c. of a solution of tissue fibrinogen were allowed to run 
into the jugular vein. Respiration came to an immediate stand-still. 
Ligature on the trachea was relaxed and the post-mortem was begun 
immediately. After the post-mortem had commenced the animal gave 
two or three of the deep “ante-mortem” gasps constantly seen in as- 
phyxia through acute deprivation of oxygen. 

P.M. Thorax—Jugulars and Innominate veins empty, slight clot in 
S. V. C., Azygos Vein clotted; right Auricle and Ventricle one solid 
blood clot; I. V. C. one solid clot; left Ventricle shewed a slight brightly 
arterialized clot; left Auricle is distended with a brightly arterialized 
clot forming casts of the pulmonary veins. These last were clotted 
right through to the lungs. On cross section the vessels in the lungs 
were seen to be filled with bright arterial blood clots. The Aorta is 
clotted solid right down to the level of the renal arteries. The aortic 
clot is a dark venous clot. 

Heart begins to beat again when tension is relieved, and continues 
beating for more than a minute after all its cavities have been laid 
open, 

Abdomen—Hepatic vein clotted, I. V. C., clotted firm down to the 
renal veins. Here a nick was made in the vein and the iliac veins were 
laid open. Blood poured out, solidifying immediately into a clot. 

Nore. The bright arterial clot in the left ventricle, left auricle and 
lungs was evidently blood that was oxidized in the lungs during the ‘ante- 
mortem’ gasps, though, of course, there is nothing to shew that it was 
arterial in the sense of its having freed itself from its excess of CO, 
The dark-coloured clot in the aorta on the other hand must have passed 
through the lungs while the trachea was being compressed. 

It having thus been established that asphyxia will bring about a 
condition of general coagulability of the blood, experiments were now 
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made with a view of determining whether an increase of the metabolism 
of an organ or tissue such as would probably induce a more venous 
condition of the blood in a particular vascular district would result in 
the blood in that district becoming coagulable by the injected tissue 
fibrinogens. The following experiments were therefore made. 


1. The sciatic nerve was exposed as high as possible in the back of the 
right thigh. It was divided and the peripheral end was stimulated by a 
strong interrupted current. After the stimulation had been continued for a 
couple of minutes, the usual quantity 20 to 30c.c. of Wooldridge’s coagu- 
lating fluid was allowed to flow into the jugular vein, the stimulation being 
continued while the injection was proceeding. The animal succumbed some 
few seconds after the injection was completed. The post-mortem which was 
undertaken immediately disclosed in addition to the usual thrombosis of the 
portal tract a complete thrombosis of the femoral and iliac veins on the right 
side, The distribution of the clotting downwards accurately followed that of 
the branches of the sciatic nerve, the blood in the tributaries from the anterior 
part of the thigh remaining quite liquid, while the veins from the muscles 
that had been thrown into tetanus were clotted solid. Upwards towards the 
heart the thrombus began to thin out just above the junction of the iliac 
veins, and it ceased half way between that point and the lower margin of the 
liver. From the junction of the iliac veins the clot was continued downwards 
for about an inch or less into the left iliac vein, thinning out as it was followed 
downwards. Below that point there was not a trace of clot in the iliac or 
femoral vein of the left side or in any of their tributaries. 

2. A dog was chloroformed and both his eyes were atropinized. For 
that purpose an equal amount of I p.c. solution was used upon each eye. The 
left eye was blindfolded, and the light of a polarimeter oil lamp fitted with a 
plano-convex lens, was directed into the right eye from a distance of about a 
foot, the eye being fixed by means of a pair of fixation forceps. After an 
interval of some ten minutes, the usual amount of coagulating fluid was 
allowed to run into the femoral vein. 

The post-mortem revealed the fact that all the vessels of the right eye 
stood out as dark prominent lines', while the vessels of the left retina were 
only just perceptible to the naked eye. On examining the ophthalmic veins 
at the back of either eyeball, that on the right side was with certainty ascer- 
tained to be clotted, it being possible to push little cylinders of clot out of the 
vessel when it was cut across. On the left side the blood in the ophthalmic — 


1 I succeeded in getting a photograph of the retina of this eye the vessels appearing 
very clearly in it. The light however failed before I could secure a photograph of the left 
retina for comparison, 
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vein was as clearly made out to be liquid, the blood flowing away from the 
point of pressure when the back of a scalpel was pressed against the vein. 

3. The chorda tympani was exposed on one side, and the sympathetic 
was separated from the vagus at the root, at the neck on the other side. Both 
nerves were then cut across and their peripheral ends were stimulated. The 
coagulating fluid was injected into the femoral vein, but no trace of coagu- 
lation was observed on either side in the veins emerging from the submaxillary 
gland. 


On reviewing these facts it is evident that it is difficult to assume 
the formation of some new chemical body which favours coagulation 
under three such different conditions as those of asphyxia, muscle- 
tetanus and retinal stimulation. A more likely hypothesis would seem 
to be that an alteration in the gaseous composition of the blood is suf- 
ficient to determine its coagulation in the presence of tissue fibrinogens. 
It was evident that such a change would have to be sought for in either 
one of two directions, either in an increase of CO, or in a diminution 
of the O, in the blood. 

The following protocol is conclusive as to an excess of CO,, sufficing 
of itself to determine the coagulability of the blood all over the 
body. 
Oct. 1, 1890. Small fox-terrier put under chloroform tracheotomized. 
Trachea-tube placed in connection with a glass jar of some 3000c.c. 
capacity standing over water containing a mixture consisting of 80 p.c. 
CO, and 20 p.c. O., As the oxygen was absorbed more was added to 
make up the deficiency, the water thus being kept at the same level in 
the jar. Breathing slightly quickened but quiet. After an interval of 
some three minutes the coagulating fluid was run into the left femoral 
vein, the animal dying almost immediately. 

pM. Abdomen. Both iliac veins and I. V. C. clotted solid right up 
to heart. Hepatic vein and all its tributaries clotted. Portal vein con- 
tains only a slight clot but mesenteric veins are well clotted. Splenic 
vein not clotted. Renal veins firmly clotted. 

Thoraz. S. V. C., innominate veins and azygos, right heart and 
pulmonary artery one solid clot. Clot in the left heart, pulmonary veins 
and aorta. 

Rest of body. No clotting in fore or hind limbs, all veins of head 
and neck clotted, including all the veins and sinuses of the brain. 

Quite in harmony with this experiment is Wooldridge’s observa- 
tion that coagula occur in extra-portal tracts as well as in the portal area 
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when the injection of tissue fibrinogen is made in animals during active 
digestion, especially if their food has contained a large quantity 
of fat. The increased production of CO, during digestion, and especially 
after fatty food, is of course a common-place of physiology. 

Further, the influence of CO, gas upon blood coagulation after injec- 
tions of tissue fibrinogens is borne out in the following case. The 
injection of coagulating fluid had been made and the post-mortem as 
usual disposed the coagulation in the portal tract only. The blood from 
the systemic veins was collected and was still liquid after several hours 
and all the blood corpuscles had sunk to the bottom as in peptone 
plasma. The clear supernatant plasma which was decanted off, clotted 
immediately on passing CO, gas through it. A portion which was kept 
as a control was still liquid next morning. 

Of some bearing also on the causation of the coagulation is the fact 
that the only instance I have seen where coagulation failed to occur 
after the injection of a tissue fibrinogen solution was that of a dog, 
which had been used for a class demonstration of the accelerator nerves, 
and which had become dead cold under the influence of the anaesthetic 
aud of prolonged artificial respiration. In this case not a trace of coagu- 
lation was revealed by the post-mortem although the full quantity of 
coagulating fluid had been injected into the jugular. The coagulating 
fluid was immediately afterwards tested upon another dog 
and found to be perfectly active. In this case the lowering of the 
metabolism by cold and by the anaesthetic, the complete emptiness of 
the stomach as disclosed by the post-mortem and the efficient ventilation 
which was kept up, probably all contributed to the result by keeping 
down the amount of CO, to a minimum. 

In view of these facts I think one may conclude with at least a 
certain amount of probability that the determination of the coagulation 
to the portal tract after an injection of tissue fibrinogens is due to an 


1 Wooldridge states that the blood from the extra- portal tracts, after any injection 
of coagulating fluid, remains not only liquid but also uncoagulable by CO,. Such is un- 
doubtedly the rule, the observation reported above being an exception to it. 

P.8. (April 1). I have since writing the above seen cause to believe that what I have 
characterized as the exception is really the rule. The blood collected from the extra- 
portal tracts after thrombosis of the portal vein very seldom fails to coagulate, if it is 
heated to 37°C. in a water-bath, and a stream of CO, is then passed through it; the 
comparative frequency of clotting in the veins of the body cavities (interior of skull, 
thorax, abdomen) as contrasted with the veins returning in the limbs is possibly deter- 
mined by this factor of temperature. 
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excess of CO, in the blood of that region and that the amount of CO, 
in the systemic veins through which the injection is made, is in ordinary 
circumstances insufficient to bring about the coagulation of the blood 
there. 

Having thus far studied the effects of an increase of CO, in the 
blood upon its coagulability, it remained still to be determined whether 
a deprivation of oxygen unaccompanied by a rise of CO, tension would 
favour coagulation in a similar manner. An animal was therefore 
tracheotomized and the trachea-tube was fitted with T-piece, inspiration 
being made through one limb which was brought into connection with 
a large vessel full of pure H, gas which was standing over water, while 
expiration took place freely into the outer air through the other limb, 
which was armed with a Speck’s intestinal valve. Injection of the 
coagulating fluid was made through the femoral vein as soon as the 
respiration had become distressed. The usual prolonged respiratory 
standstill then took place and was followed by the few deep ‘ante- 
mortem’ gasps. 

P.M. (Begun during the long pause.) 

Thorax. A slight clot in the S. V. C. filling about one-fourth of its 
calibre. Azygos and intercostal veins clotted. I. V. C. not clotted. Right 
auricle clotted, slight clot in right ventricle. In left heart a few traces 
of clot. Aorta clotted right down to the origin of the iliacs. All these 
clots very dark in colour. 

Abdomen. Only one or two mere shreds of clot in I. V. C. portal vein 
not clotted, rest of body blood in limbs everywhere liquid. 

On this case it may be remarked that it can hardly be expected that 
the long respiratory standstill which is an invariable occurrence in as- 
phyxia through acute deprivation of oxygen should run its course 
without a considerable rise in the CO, tension in the blood. It seems 
probable that the blood, which was in this case found coagulated in the 
descending aorta, was blood that had passed through the lungs during 
the respiratory pause, whereas the blood which was found liquid in 
the I. V. C. is more likely to have passed through the lungs before 
that pause took place, and therefore to have had an opportunity of 
freeing itself from its excess of CO, The same holds of the blood of 
the S. V. C., which was liquid with the exception of that portion of it 


which came from the azygos vein. N 


The absence of a coagulum in the portal vein is with all probability 
due to the blocking of the aorta by clot. The liquidity of the blood in 
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the ILV. C. could of course not be explained in the same way, the 
injection having been made through the femoral vein. 

Two methods of turning the difficulty introduced into the matter 95 
the long respiratory pause suggested themselves. 

(1) To ventilate with H, 

With the appliances at command I was only able to carry out this 
imperfectly. The coagulation was not limited to the portal district, but 
I was not able to satisfy myself that the ventilation had been adequate. 

(2) To make the animal breathe out of a reservoir of CO gas. 
This was done, but when connection was made the respiration gradually 
became feebler and feebler. Ventilation was thus plainly inadequate, 
and the clots found on post-mortem examination were not limited to the 
portal area. The blood in the azygos and the intercostal veins however 
remained perfectly liquid. In this respect this case is the exact converse 
of the case quoted above, where after the violent respiratory struggles 
the azygos and its tributary intercostals were clotted solid. In fact it 
is easy to predict in an ordinary case from the character of the respira- 
tions whether the azygos will be found clotted or not. 

After having pursued up to this point methods of direct enquiry 
into the conditions governing the distribution of the coagulation follow- 
ing upon the injection of Wooldridge’s tissue fibrinogen I proceeded 
to investigate the changes introduced into the phenomena by the action 
of certain poisons. These experiments I hope to report upon more 
completely in a future communication. 

It will suffice for the present to put upon record that when a dose 
of atropin is administered, such as is sufficient to dilate the pupil ad 
maximam and to paralyse the cardiac nerve-endings of the vagus, and 
presumably also the nerve-endings in the intestinal canal, an injection 
of Wooldridge’s coagulating fluid was followed, in one case, by the 
usual coagulation of the portal area alone, the blood clot in the portal 
vein being however of the brightest arterial red. In two other cases 
the whole blood in the body was clotted solid, and here also everywhere, 
both in the arteries and also in the portal and systemic veins, the clots 
were of a brilliant arterial colour. I have also once seen the same bright 
arterial coloured clot in the portal vein after the administration of curare. 

All the animals employed in these experiments were dogs. The 
coagulating fluid used was in all cases made from boars’ testicles. The 
experiments were performed in the Physiological Laboratory of the 
University of Sydney. 
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P.S. Since writing the above I have studied the effects of Wool- 
dridge’s coagulating fluid on cats. I find that when respiration is 
going on normally, a moderate injection of Wooldridge’s fluid is not 
followed by any coagulation either in the portal or in the systemic veins. 
When however asphyxia is produced in the animal and an injection 
of the same quantity of coagulating fluid is made at its height the 
blood coagulates throughout the whole vascular system. 
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THE CHANGES PRODUCED IN CASEIN' BY THE 
ACTION OF PANCREATIC AND RENNET EX- 
TRACTS. By J. SYDNEY EDKINS, BA., M.B., Senior 
Demonstrator in Physiology in the Owens College. 


| (From the Physiological Laboratory of the Owens College.) 


AMONGsT the various effects produced upon foodstuffs by Pancreatic 
Extracts, it has been shown by several observers that milk may undergo 
a clotting comparable, to a certain extent, to that occurring as the result 
of subjection to the action of Gastric Extracts, or simple rennet. 
Kühne“ points out that extracts made from the pancreas of the dog 
differ from those made from the pancreas of the ox in that the latter 
causes milk to coagulate. Roberts“ also finds that extracts made from 
the pancreas of the ox, pig or sheep will cause milk to coagulate. 

Other observers have in working with pancreatic extracts upon 
milk noticed that under favourable circumstances the milk may 
coagulate. 

Besides this true clotting of milk, Roberts“ has pointed out that 
by the action of pancreatic extracts the casein of milk may be so 
changed that subjection to a high temperature, as, for instance, boiling 
the digesting milk, will cause this changed casein to undergo heat- 
coagulation ; and he has further suggested that this change be used, as 
regards its time of onset, as a means of estimating “ activity of a 
pancreatic extract. 


1 I use the word casein in its usual sense, and for the sake of brevity adopt, after Foster, 
the word tyrein for casein which has been clotted by rennet ferment. Halliburton has 
recently used caseinogen and casein to correspond to casein and tyrein respectively. It 
seems to be inadvisable, at present at any rate, to change the ordinary meaning of casein, 
and it is possible that a substance may be found in the cells of the mammary gland to 
which the term caseinogen would appropriately be applied. I may also say that I have 
adopted the term metacasein, which was introduced by Roberts. 

2 Verhandl. Naturhist, Med. Ver. (N. S.), Heidelberg. Bd. 11. 3. 

Proc. Royal Soc. 1879, p. 157. 

Proc. Royal Soc. 1881. 
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This formation of a heat-coagulum after the action of pancreatic 
extracts was called by Roberts the metacasein- reaction. 

It was the object of the following investigation to examine in 
greater detail the circumstances under which these changes in milk 
occur. 


THE CIRCUMSTANCES DETERMINING THE ‘ METACASEIN-REACTION.” 


Roberts’ has described the events in connection with the develop- 
ment of the ‘metacasein-reaction’ to be as follows. After a variable 
period, during which boiling the milk will cause no curdling, heating will 
give first a slight amount of flocculent coagulum, and later a consider- 
able curdling. Samples of milk will give this result for a certain period 
and then the curdling gradually becomes less pronounced and. finally 
ceases to occur. He describes further how the times of onset and evan- 
escence depend both upon the temperature at which the milk is digesting 
and the strength of extract used. As in the case of other ferments of the 
alimentary canal (assuming that the action is due to some ferment), 
cold retards and moderate heat hastens the onset of the change in the 


milk. 


The first point that was suggested in connection with this meta- 
casein- reaction was careful determination that the change was not really 
due to the development of fatty acids by the action of the fat-splitting 
ferment of the pancreas. It was conceivable that any considerable 
development of such acids might cause the precipitation of the casein 
under the circumstances brought about by heating the digesting 
mixture. My earlier experiments were especially directed to this 
point. 


Experiment I. 
Action of freshly-prepared extracts of Pancreas upon Mill. 
Made up digesting mixtures as follows : 15 
A, 50 C. c. milk + 50 Cc. c. H,O 4 C. o. pancreatic extract. 
B. E oor ” ” ” previously boiled. 
The milk was of neutral reaction as also was the pancreatic extract. 


Before adding the extract to the milk, both were brought up to the tempera- 
ture of the warm bath in which the digestion was carried on (37°C.). 


1 Loc. cit. 
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11.27 Mixed extracts and milk respectively as above. 
11.29 Took out 5 c. 0. from each beaker. 
A was slightly acid. 
B was neutral. 
On boiling no curdling occurred. 
11.34 Took out 5c.c. of each. 
A more acid, on boiling gives a distinct curd. 
B neutral, no change on boiling. 
11.44 Took out 5c.c. of each. 
A acid, gives no change on boiling. 
B neutral, also no change on boiling. 
Took further samples at intervals up to 4.0. No change was observable 
at any time in B; A remained as at 11.44. 


From this experiment it was to be noticed that the ‘metacasein-re- 
action’ took not more than 7’ to develope under the circumstances in 
which the digestion was carried on, but that in 17’ it had disappeared ; 
further, that this effect did not occur if the extract were sterilised by 
boiling. But it was to be noticed, in addition, that the change from 
neutral to acid reaction was manifest before the metacasein-reaction de- 
veloped, and consequently there was nothing to show that organic acids 
might not have effected this curdling under the action of heat. Besides 
indicating that the change in the casein was effected at the instance of 
a ferment, there was no evidence of any specific ferment for the process. 
In similar experiments to the preceding it was noticed invariably that 
the onset of an acid reaction of the milk was rapid. (In all cases 
controls similar to that in Experiment I. were used, these developing no 
such acid reaction.) In a typical instance it was found that the acidity 
developed in 10 c. c. of milk by the action of a somewhat large quantity 
of ferment in half an hour was sufficient to neutralise 2¢.c. of 5% 
Na,CO,. In such an interval the amount of lactic acid developed was 
inappreciable (as evidenced by the control) and the acidity might 
therefore be referred to free fatty acid developed by the pancreatic 
extract. 

In other experiments effect of the fat-splitting ferment was elimi- 
nated by adding varying quantities of sodium carbonate to the digesting 
milk, but with these extracts of high activity the ‘ metacasein-reaction’ 
was not obtained at all, though possibly this might be explained by its 
interval of existence being very small under the conditions of augmented 
activity of the extract, such as small quantities of sodium carbonate 
might be expected to cause. 
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Experiment II. 
Action of comparatively feeble extract on Milk. 


In this experiment the same extract was used as had been employed in 
the previous experiment recorded, which had been performed six months 
prior to Experiment II. 

Took 50c.c. milk + 50c.c. H,O and to it added 8 0. c. of the pancreatic 
extract. 

The milk was slightly alkaline. 

10.55 Put diluted milk (previously at temperature of seem) + extract 

into warm bath at 37°C. 

11.0 Took 10 ce. from beaker. Reaction was alkaline. Boiled in 

test-tube. A very slight amount of flakiness. Reaction still 


alkaline after boiling. 
11.10 Took 10 c.c. again and boiled. Reaction still alkaline. A slowly- 
forming curd separated out. 


11.15 As at 11.10, except that curdling on boiling is more rapid. 
11.25 More marked than at 11.15. 

11.40 

11.557 Similar to 11.25 

12.10 

1.55 Still alkaline. On boiling curdling occurs more slowly. 

4.55 Still alkaline before boiling. Boiling now gives no curdling. 


This experiment is of importance as showing that the metacasein- 
reaction’ will occur in an alkaline medium. In the experiment given 
above the alkaline reaction was determined before boiling. Bearing in 
mind that milk may alter its reaction during boiling, the experiment 
was repeated and the reaction still more carefully tested before boiling, 
during boiling, and after boiling, and in each case the reaction was 
found to be alkaline. The curdling therefore could not have been 
brought about by the action of any free organic acid. To make the 
experiment complete it was necessary to show that boiling the extract 
destroyed its power. This was done and it was found that such a 
sterilised extract had no effect in promoting this metacasein-reaction, 
though unheated it caused the reaction in a marked manner. 

This experiment then indicated that the ‘metacasein-reaction’ is 
due to a ferment. Moreover it occurs in an alkaline medium, and with 
such extracts as have lost their fat-splitting ferment and therefore do 
not develope free fatty acid in the milk. It may be concluded, I think, 
that the change in the casein, whereby it becomes coagulated on 
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boiling, is the result either of a specific ferment or a specific function 
of the tryptic ferment of the pancreas. 

Which of these two views is the most correct, the few experiments I 
have made give but little indication. The process of preparation of 
Kiihne’s purified trypsin is such as to destroy what may be called the 
lesser ferments of the pancreas, viz., the fat-splitting, diastatic and so 
on, yet such purified trypsin, when freshly prepared, is very potent in 
developing the metacasein-reaction.’ In the experiments which I have 
made, and which are detailed later on, the addition of various substances 
exercising a retarding or destroying influence on the proteolytic ferment 
of an extract seem to act in a very similar manner though not precisely 
to the same extent in retarding or destroying the action of the casein- 
altering ferment. I therefore leave it undetermined, whether the 
‘metacasein-reaction’ is to be considered as the result of the action of a 
ferment, distinct from the proteolytic [as Hammarsten has shown the 
rennet ferment of gastric extracts to be distinct from the proteolytic], or 
whether it is simply an ‘aspect’ of the proteolytic ferment. 

There are certain influences which affect the development of this 
change in the casein. Neutral salts, as sodium chloride, have a consider- 
able power in hastening the onset of the metacasein-reaction.’ 


Experiment III. 
Effect of Sodium Chloride on the time of onset of the ‘ Metacasein-reaction.’ 


Made series of quantities of milk modified as follows :— 
The milk was alkaline in this and all other experiments after this. 
4. 20 C. c. milk 5 C. c. NaCl 1% C. c. HO +1 c. o. pane. extr. 


B. 5 0.0. NaCl 5% + + 
C. +5cc. NaCl -25°/,+ „ 
D. + 5c.c. NaCl -125°/, + + 
Z. + 5 0.0. H,O — + 


Considering the amount of added sodium chloride Gadapendiens of that 
ordinarily present in the milk), it will be seen that such an addition as 
causes a very small change in the percentage of sodium chloride exercises a 
considerable effect in respect of the change of the casein by the influence of 
pancreatic extracts. The amount of added sodium chloride in A was equal 
only to a percentage of 16 and this decreased to 08 in B and so on in 


1 Virchow-Hirsch, Jahresb. 1878. 
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11.22 Put series into warm bath. 
11.30 Took samples. Reaction alkaline in all. No curdling on boiling 
in any. 
11.45 Again took samples and boiled. 
In A a rather slowly developing curdling. 
B a still more slowly developing curdling. 
C 


D\ give no change in boiling. 
2 


12.0 Curdling is now produced on boiling in all. It is rapid in those 
specimens near A, just starting in E (shown by slight flakiness on 
side of test-tube), rather more advanced in D. 

12.40 All curdle rapidly. 


If the tubes are allowed to stand undisturbed for a while, the heat- 
coagulum is seen to take up a different position in the different tubes. 
In A the coagulum settled to the bottom of the tube, in B and onwards 
it betrays some, but less, tendency to settle down, in D it remains fairly 
evenly diffused, in E it tends to rise to the surface. I inferred from 
this that the proportion of coagulated proteid in these heat-coagula 
varied. In the earlier tubes it would be fairly considerable; in E the 
amount of included fat would be such as to determine largely the 
position taken up by the coagulum. The further inference is that there 
was more altered casein present in A, Band C than in E and D. This 
might result from two causes, either that the proteolytic activity of the 
extract varied inversely as the amount of sodium chloride present, that 
is to say, with an increase of sodium chloride present the conversion 
of altered casein into the proteolytic products was delayed, whilst the 
casein-modifying ferment was unaffected, or the presence of sodium 
chloride in varying amounts accelerated the action of casein-modifying 
ferment, not affecting the proteolytic. But there is another influence at 
work which I think must not be disregarded. The exact condition as 
regards solution of the casein in milk is a subject of varying opinion, 
but it hardly appears to be present in simple solution in the same way 
as the globulin of serum is a solution in serum. The addition of 
sodium chloride even in these small amounts I think may have an 
influence in the direction of promoting the solution of casein in the 
water of the milk. When the solution is in this way rendered more 
perfect the ferments of the pancreatic extracts can perhaps act more 
readily. The casein-modifying ferment is (in the particular extracts 


used in such experiments as cause a ‘metacasein-reaction ’) in advance, 
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in point of effect, of the proteolytic. The result is that that solution 
containing the more soluble casein is more readily acted upon than 
those in which the casein has not been rendered thus soluble. This 
appears to me to be the more probable explanation of the effect of 
small quantities of sodium chloride. I shall refer later to this subject, 
adducing evidence to show that the results of this experiment are not 
to be explained by reference to the retarding effect of the neutral salt 
upon the proteolytic ferment. 

The next experiments I tried were framed with the object of 
ascertaining the effect of the free acids and alkalies upon the extracts, as 
thereby sume differentiation of the two ferments (casein-modifying and 
proteolytic) might be obtained. 


Experment IV. 


Effect of presence of Hydrochloric Acid upon the Casein-modifying Ferment. 


A. [5ec. pane. extr. ＋ 5 HCl 1°/,] 0. c. Na, OO, 1°/, 
+5ec.HCl +400. Na, O0, 1°/,+ 4 C. o. dilut- 


ing fluid. 
C. * ＋ 5 HCl 25%] +200. Na, CO, 1°/, 8 c. o. dilut- 
ing fluid. 
D. ＋ 5 HCI ] 7 1c. 0. Na, CO, 1% + 9-c.c. dilut- 
| ing fluid. 
Put in warm bath at 387 C. for two hours. Added after two hours. 


The diluting fluid was made by neutralising HCI 1% with Na, CO, 1% 
and was added to prevent the discrepancy in respect of sodium chloride on 
solution being as great between the different specimens as would have been 
the case were distilled water simply added. After the addition of the sodium 
carbonate each specimen was neutral. 

To each of these modified extracts was added 40 c.c, of milk (slightly 
alkaline in reaction) warmed to 38° C. 

10.10 Put the series into warm bath after mixing. 

10.25 4, B, and Call curdle. D does not curdle on boiling, 

10.40 A, B still curdle on boiling. Curdling on boiling very slightly 

marked in C. None in O. 

11.0 A alone gives any curdling on boiling. 

11.20 A slight curdling on boiling in A still. Not obtained later than 

this. 

This experiment then showed that neither the casein-modifying nor the 
proteolytic ferment in the extracts were completely destroyed by the acid, but 
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that there was some distinction was shown by the fact of the delay in 
evanescence of the metacasein- reaction.“ Very powerful extracts were used 


and this accounted for their power after the subjection to the acid. This may 
explain why, comparing this experiment with one recorded by Langley’, the 
destruction of the trypsin was not as great as that found by him. Moreover 
the test of its power (the effect upon a soluble proteid) would probably be more 
delicate than its action upon fibrin. Both experiments however show the 
considerable destruction by acid. 


Though acid, then, acts powerfully upon the casein-modifying 
ferment, it apparently exhibits no differentiating effect upon the two 
ferments. 

The effect of the action of sodium hydrate was then tried. The 
following experiment exhibits this. 


EXPERIMENT V. 


Effect of varying quantities Sodium Hydrate in destroying the Casein- 
altering Ferment of the Pancreas. 


A panc. extr. 2 c. NaHO 5% ] + 8 HCI 1% 

B ＋ 2 c. 0. NaHO 25%] + 40.0. HCI 1% 4 0. o. 
diluting fluid. 

C. [ » „ 72d. NaHO + 20e. HCI 1% 6 0. 
diluting fluid. 

D. [„ „ 720. NaHO 625% + lec. HG 1% +7 
diluting fluid. 

Z. „ „ 720. NaHO 3125 % + bcc. 1% Cc. 
diluting fluid. 

Placed in bath at 38°C. for two hours. Added after two hours. 


The diluting fluid was made by adding equivalent amounts of NaHO 5% 
and HCI 1% and was added for the same reason as in last experiment. 
After the addition of the HCl each specimen was neutral. 

To each was then added 40 c.c, of milk (alkaline) warmed at 38°C. 

11.20 Put series into warm bath after mixing. 

11.40 Took samples of each and boiled. 

No coagulum in A. Heat-coagulum forms in B, C, D and E and 
judging from its massiveness, the order of digestion is B, G D 
and Z. gives very little coagulum and is therefore probably 
on the point of evanescence as regards the metacasein-reaction. 

11.55 A gives no heat-coagulum. The milk in B has now set into a 


1 Journal Physiol. Vol. 11. No. 3, p. 19. 
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fairly firm jelly and is therefore not disturbed. C, D and £ give 
no heat-coagulum. These latter however give a very pro- 
nounced tyrosin reaction when treated with Millon’s reagent, 
showing the proteolytic ferment to have been very active. A gives 
rather more tyrosin reaction than does pure milk, but not more 
than could be accounted for by what might exist originally in the 
extract. 

12.15 4 gives no coagulum on boiling, but a rather more pronounced 
tyrosin reaction than at 11.55. B's clot is contracted and appears 
as a rather loose frangible jelly floating in a little whey. C gives 
no coagulum on boiling. 

12.30 A still gives no coagulum, but a more marked, though yet slight, 
tyrosin reaction. 's clot further contracted. Some of the whey 
from B gives a fairly well marked tyrosin reaction, but by no 
means so pronounced as in C, D and at 11.55. Up to now the 
tyrosin reaction in A has been gradually increasing. 

1.45 4 gives no coagulum on boiling yet. 

B. Clot more shrunken, but looser even than before. 


This experiment has several points of interest. It shows that if 
sodium hydrate be added in sufficient quantity both the casein-modifying 
and the proteolytic ferments are destroyed. Apparently the proteolytic 
ferment survives the casein-altering ferment to some extent. The 
experiment shows moreover that for destruction of the casein-modifying 
ferment certainly more than 5% sodium hydrate is necessary. (This 
being the percentage in B.) In so far then as the actions of hydro- 
chloric acid or sodium hydrate are concerned we have no satisfactory 
means of differentiating these two ferments of pancreatic extracts. 

The experiments recorded up to now have shown that under various 
conditions, and particularly under the condition of using simply diluted 
milk, or milk diluted with different reagents in solution, and extracts of 
moderate power, some alteration was effected in the casein whereby it 
became coagulated on boiling. 

It naturally suggested itself that this was to be regarded as closely 
connected with some ferment in the pancreas resembling the rennet 
ferment of the stomach acting in a modified manner on account of the 
particular conditions under which the experiments were conducted. 

As in Experiment V. so occasionally in other experiments, I found 
the milk to undergo coagulation at the temperature of the bath. My next 
experiments were directed to obtain some evidence as to the particular 
conditions which determined this coagulation of the milk. 
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THE CIRCUMSTANCES DETERMINING THE COAGULATION OF MILK 
UNDER THE INFLUENCE OF PANCREATIC EXTRACTs. © 


In the first part of this paper I pointed out that extracts differed 
as regards their power of causing the casein to undergo modification. 
Some were able to cause such a change as resulting in a heat-coagulum 
on boiling the milk treated with the extract. Others gave no result in 
this direction, and I pointed out that fresh and powerful extracts did 
not cause this change in the milk. One has to remember in using 
these pancreatic extracts that we have two influences at work, the 
casein-modifying (presuming it to be invariably present, though perhaps 
masked) and the proteolytic. If the extract is powerful, if any casein 
modification occurs, the proteolytic action apparently keeps pace with it 
and then the altered casein is not evidenced. The influences affecting 
this casein-modifying ferment are somewhat complicated, but the experi- 
ments that follow will throw some light upon them. 


Experiment VI. 


a Clotting of Mik. 


A, 60c.c. milk + 25 C. 0. panc. extr. 
B. 

3 ” „ + Zac ” ” 
EZ. 99 + £60 „ „ 
F. ” ” + 8 C. C. ” 
G. ” 8 16 c.c. ” ” 

The milk was alkaline. The extract was one that I had found to cause 


coagulation. 

10.45 Put above series into warm bath at 36°C. 

[The extracts were, of course, measured out separately and added as 
rapidly as possible to beakers containing 60 0. C. of milk. | 

11.0 No change in any. All still alkaline. 

11.15 bas gone into a very loose frangible jelly. No appreciable 

in the others. 
11.30 D, # and F all fairly firmly set. The jelly in Z appears to be 
firmer than in D or F. No change is to be noticed in the others. 
11.45 Some whey has formed in D, E and F. No other change. 
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12.0 O is now in loose jelly stage. No change in B or G. Others as 
before. 
12.15 © now firmer. 
12.30 The clots are somewhat broken in F and F. No other change. 
Left in cold 15°C. 
145 D remains fairly firm; but 4 and F consist of loose jelly-like 
masses in a small quantity of whey. 
4.15 A slight amount of clot left in D, more in C, none to be seen in 
N others. B appears to be in a more viscid condition than A, though 
hardly a distinct jelly. 
G and late specimens are distinctly browner in colour. 


This experiment showed conclusively that in the pancreatic extract 
used there existed something which caused a clotting of the milk 
comparable to that effected by the rennet ferment of the stomach. The 


particular extract used was one prepared according to the direction of 
Roberts. 


[A fresh pig’s pancreas was freed from fat, finely chopped and digested in 
four times its weight of dilute alcohol (20°/,) for five days. The mixture 
was then filtered. | 


I have obtained practically the same results with other extracts, 
such as Benger’s Liquor Pancreaticus (freshly prepared)“ and aqueous 
extracts of pigs’ pancreas. Though with Kiihne’s purified trypsin I 
could obtain the alteration in casein such that it gave a heat-coagulum 
on boiling, I never succeeded in obtaining a truc clotting of the milk. 

With respect to the experiment just recorded it appears that a 
certain relation must exist between the quantity of extract and that of 
the milk. If the quantity be increased above a certain limit, clotting is 
feeble or may not occur at all. If it be decreased it may be indefinitely 
postponed. The increase in quantity preventing the clotting of the 
milk may be explained in two ways. It may be that with a large 

quantity of extract and a constant amount of milk, the proteolytic 
- ferment is present so largely that it neutralises any tendency the casein- 
altering ferment may have to present the casein in an insoluble form. 
Or it may be that the increased dilution may of itself both favour the 
proteolytic and act as an obstacle to the production of the insoluble 
form of casein—or finally it may be that both these causes are at work. 
I am inclined to think such is the case. For on the one hand with 


1 Mr Benger was kind enough to keep me supplied with Liquor Pancreaticus freshly 
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powerful specimens of extract it may be impossible without adding 
certain substances to cause the milk to clot, and on the other hand a 
small degree of dilution may exercise a very large effect upon the 
clotting of milk. These have been not unfrequently observed in the 
case of rennet. The effects of dilution are shown in a remarkable way 
in the following experiment. 


Experiment VII. 
Effect of dilution of Milk upon power of Pancreatic Extracts to cause 
clotting. 


4. 60c.c. milk + lc.c, extract. 
„ „ 
C. ” ” + 10c.c. H,O + „ ” 
D „ „ „ „ 
„ „ „ 
+ 60 c. o. H 0 + „* 
The milk to the temperature 
of the bath before adding the extract. 
10.10 Added 1 c. e. extract to each of the series. There was no change 
observable in any during the first hour. 
11.20 A has gone into the condition of a loose frangible jelly. No 
change in the others. 
11.35 No further change, except that A is firmer. No further change 
till 
12.20 <A slight amount of whey is present in A. B has gone into the 
condition of a very frangible jelly. No physical change in the 
others, but / was shown to give the metacasein-reaction. 
1.50 Fair amount of whey in 4; in B a loose jelly and a little whey. 
No physical change in others. At this stage O gives ‘ metacasein’ 
reaction. D, E, F do not give the reaction, N they did 
earlier. 


This is perhaps a somewhat exaggerated example of the effects of 
dilution. It however sbows that a small amount of dilution will have a 
considerable effect as regards the clotting of the milk by pancreatic 
extracts. And it appears that the results are due to the dilution 
assisting the action of the proteolytic ferment of the extract, and that 
in more dilute forms of the milk there is a greater tendency for the 
proteolytic ferment to keep pace with the casein-modifying ferment, so 
that the only manifestation of this latter ferment may be the exhibition 
of the ‘ metacasein-reaction.’ 
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It would be as well to state the grounds on which this deduction is 
made in more detail. Extracts which are powerful either cause no 
metacasein-reaction to occur or permit its interval of existence to be but 
a short one. That is to say, that the evanescence in point of time bears 
a relation to the strength of the extract, if the metacasein condition 
occurs at all. Beyond this the tyrosin reaction with Millon's reagent, 
which very rapidly appears in milk digested with pancreatic extracts, is 
very much more marked when the milk has reached a stage of evan- 
escence of the metacasein-reaction. Finally the digesting milk when 
approaching this stage holds the curdled matter (by the action of heat) 
at the surface of the fluid, suggesting that this curd contains a greater 
proportion of fat and therefore less of heat-coagulated proteid than 
those of slightly earlier stages, though in the very early, when the 
metacasein-reaction is near point of onset, the appearance again recurs. 
[Compare Experiment III.] And in similar experiments to the one at 
present being considered it was found that the tyrosin reaction was 
more marked in these more diluted samples. It seems justifiable 
therefore to conclude that in these more diluted samples the proteolytic 
action was more rapid. 

I mentioned before in this paper that the clotting of milk could be 
made to occur with specimens of pancreatic extracts which otherwise 
caused no clotting, if certain substances were added in addition. I find 
that neutral salts, as sodium chloride or magnesium sulphate, have a 

powerful effect in promoting the clotting of milk. 
I record here an experiment in which the addition of varying 
amounts of sodium chloride was made to milk. 


Experiment VIII. 
The effect of the presence of varying quantities of Sodium Chloride upon 
| the clotting of Milk by Pancreatic Extracts, 
The following series was put up. 
A. 40 Cc. milk + 10 C. NaCl 


„ 710 NaCl 10 ¼ 
„ 7110 NaCI 5% 
„ 710 NaCl 2˙5 % 


+ 10 NaCl 1°25°/, + 
„ » 7100, NaCl -625°/, + 
„ 710%. HO + 


„ „ 10 c.. NaCl 20% 10.0. H, O. 
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_ Neglecting the addition to the bulk caused by adding the 1 c. c. of extract, 
A contained 4°/, of sodium chloride, and in respect of this the milk was 
diluted moderately, B contained 2°/,, C 1% and so on downwards. H and 
A were the same except that H contained no extract. The milk was 
alkaline. 

9.50 Put series into bath at 36°C. 

10.5 4, B, C and D are all in condition of jelly, the firmness decreasing 
from 4 to D. E has a tendency to jelly condition (shown by 
increased viscidity). No change is to be noticed in V, G or H. 

10.20 A, B, C, D are all firmly clotted with a little whey in each, the 
firmness of clot decreasing, as does also the amount of whey, from 
A downwards. FZ has a very fragile clot. F and G show no 
signs of clotting. H exhibits no change. 

11.0 4, B, O and D still preserve above differences. The clot in F is 
very fragile, showing no increase in firmness. F shows slight 
signs of clotting. G@ and H show no change. 

12.10 Clots in A, B, C, D are now less firm and easily broken. 

1.45 4, B,C and D now merely consist of flocculent masses suspended in 
a milky-looking fluid, In C and D the clots are hardly to be made 
out. This resolution of the clot in them somewhat retarded in 

and B. 


A similar experiment was made with magnesium sulphate with 
practically the same results. 

These experiments exhibit the important fact that the presence 
of neutral salts facilitate the clotting of the milk with pancreatic 
extracts. It has been shown by A. Mayer’ and by Hammarsten’ 
that the same occurs within limits with the rennet ferment and milk. 
The salts by themselves (in the strengths used) at the temperature of 
the bath do not cause the separation out of the casein so as to form a 
clot. Nor was the extract by itself able to cause a clot. But the 
combination of the two influences resulted in the clotting of the milk. It 
will be seen from the previous experiments that an important obstacle 
to the production of a clot is the presence of the proteolytic ferment. 
The question then arises, do these neutral salts affect the clotting of 
the milk by retarding the action of the proteolytic ferment or by 
favouring the action of the casein-altering ferment ? 

Judging from the analogous action with rennet ferment from the 
stomach, it would seem that at any rate one factor in the process is the 
assistance of neutral salts to the casein-altering ferment. At the same 


1 Quoted in Ladenburg’s Handwörterbuch der Chemie, Bd. rv. p. 120. 
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time, A. Mayer“ states that when present in quantities causing the 
percentage of the salt to be over 4°/, the time of onset of clotting is 
lengthened, and that only up to 1°/, is the advantage, in promoting 
clotting, manifest. How far, then, do such salts act in retarding the 
action of the proteolytic ferment ? 


EXPERIMENT IX. 


Effect of presence Sodium Chloride upon the Proteolytic Activity 
of Pancreatic Extracts. 


A, 10cc. extr. + 10c.c. NaCl 8% ＋ 2 C. c. finely-chopped fibrin. 
B. ” 4% + ” ” ” ” 
C. ” 2°, + ” ” ” ” 
D. ” W W 1%, + ” ” ” ” 
E. ” +: nite ” ” „ 
F. „ „ 711000 H, 0 + ” ” ” ” 


G. „ boiled extr. + 10 c.. H,O + 8 
10.20 Put the above series into bath. 
10.50 Some change as regards bulk of fibrin is shown. The order is 
distinct, though the differences are not great, and digestion is 
. more advanced in A than B, B than C, and so on to F, which does 
not show much difference. 
11.20 The order is now much more distinct. 
In A about g are dissolved. 
In B rather < are dissolved. 
In C about ¢ are dissolved. 
In D somewhat < f are dissolved. 
In E about ? of fibrin is dissolved. 
In F about } of fibrin is dissolved. 
was taken as the standard. 
1.45 4, B and C are almost completely dissolved ; there is a slight 
residue increasing in amount from A to C. D, E and F show 
more residue, Y having more residue than # and I than D. 


This experiment hardly resulted as I had anticipated. I certainly 
had not expected to find that the presence of sodium chloride in the 
amount of 4°/, would have been an adjuvant to the proteolysis of the 
extract. It occurred to me that an objection to the experiment might 
be the fact that the fibrin would tend to become more soluble in the 
higher percentages of sodium chloride and that, though the specimens 
with a large amount of sodium chloride advanced more rapidly than 


1 Loe, cit: q 
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those with less, this might result from the tendency to promotion of the 
_ solubility of the fibrin rather than the assistance to the proteolytic 
ferment, even if this latter were not actually retarded. I therefore 
repeated the experiments, using fibrin which had been suspended in 
boiling water and yet larger amounts of salts, to see, if possible, where 
the limit of this action came in. 


EXPERIMENT X. 


Effect of Sodium Chloride wpon the Heat-coagulated Fibrin with Pancreatic 
Extracts. 


The extract used was diluted to delay the action to a considerable degree. 


4. 100. extr. + 10¢.c. NaCl sat. sol. + 2 c. c. fibrin. 
B. 5 „ 710. NaCI 16% + „ „ 
C. „ Na 83% + „ „ 
D. „ 71 10e NaCl 49%, + „ „ 
Z. „ 39% + „ „ 
F. 1 „ 710 e.. NaCl 1% + „ 4, 
G. „ 71100 NaCl 5/ + „ „ 
H. „ +10cc. H,O 


I have assumed sodium chloride to exist in a saturated solution at about 
32°/,. A thoroughly saturated solution at ordinary temperature would be 
somewhat more than this. 

The series was made up in the afternoon and left in the cold all night. 
They were examined the next day as follows : 

10.0 No marked differences. D and FE seem perhaps most advanced. 

Put into warm bath. 

12.30 No very distinctive features. G, B, F, C and A seem pretty 

certainly behind. 

4.30 E, F and & all more advanced than others. C and D next in 

order, then H, then B, and A last. Left in cold all night. The 
next morning they showed as follows: 

10.0 Fand & about equal and ahead of others. The order of the 

others in progress of digestion is Z, D, A, C, B, and A last. Put 
into warm bath. 

10 E and F about equal, G slightly ahead. D and next, then E, 

others as before. 


Here, as the specific effect of the sodium chloride upon fibrin was 
eliminated, the results could more clearly be connected with the 
pancreatic extract. They indicated that a percentage of from one to 
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two of sodium chloride was an adjuvant to the action of trypsin, and 
that this percentage was the maximal favouring influence; that with 
percentages up to four even a favouring of the proteolytic action 
occurred, but that when as high as 8°/, a retarding influence was 
introduced. It naturally occurs to one that, considering that a large 
amount of sodium chloride is probably formed in the duodenum in 
natural digestion, it is hardly to be expected that a moderate percentage 
of sodium chloride would be an obstacle to pancreatic digestion. 
Returning then to the original experiment upon the action of the 
neutral salts in promoting the clotting of milk we see that, in the 


‘ percentages of sodium chloride used there, the result was not due to 
the retarding influence of the salt upon the proteolytic ferment. If 


still larger quantities of salts be added than those mentioned in 
Experiment VIII., it will be found that the casein-modifying ferment is 
affected later than the proteolytic. 


Experment XI. 


Effect of large quantities Sodium Chloride upon action of Pancreatic 
Extracts on Milk. 


4. 20c.c. milk + 10 C. c. sat. sol. NaCl + 1 c.c. panc. extr. 
B „ 710 c.. Nadi 16% + = 
C. ” ” 8 "Ie + ” ” 
D. ” 57 + ” 9) 4 "le + ” ” 
Z. ” ” ” 2 + ” ” 
F. „ 710 H,O + 10 


11.45 Put ive series into warm bath. 

12.5 All but Fare set into jelly. C and D seem to have the firmest 
clots. 4, B and £ rather less firm. 

1.0 Whey is present in 4, B, C and D. C appears to be the firmest 
clot and to have slightly the more whey. 

3.0 T is now quite fluid, with no more signs of jelly than F. 
D is almost homogeneous, with still slight traces of clot. C 
shows more clot, but it is not firm. 
B and A are somewhat firmer, but not so firm as at 1.0. 

4.30 A apparently unchanged. Jelly about as firm as originally. A 
little whey. 
B. Jelly much less firm, though still obvious. 


D>} Homogeneous milky fluids. 
E 
PH. XII. 14 
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Left in cold. 
10.0 Clot still in A. B and C quite homogeneous, somewhat browner 
than A, 
A reacts to Millon’s reagent to no further extent than showing 
proteid. 
B gives a marked tyrosin reaction, but less than the others, the 
difference between which are not marked. 


This experiment shows, as Experiment X. did, that large quantities 
of sodium chloride hinder the proteolytic activity of pancreatic extracts 
and that it requires apparently between 8 and 16°/, to suspend this 
activity. The casein-altering ferment is not in the same way retarded, 
and this method gives us practically the only way we have of 
separating the ferments. I might mention that this effect of neutral 
salts explains the fact, noticed by Roberts’ first, that brine extracts of 
pancreas are more potent in causing clotting of milk than those prepared 
in other ways: only it is not the case that the brine is more powerful 
in extracting that principle which causes the milk to coagulate, but 
that the actual addition of a small quantity of brine is an incentive to 
the clotting of the milk. 

From these different experiments with neutral salts, it appears that 
in the lower percentages they are adjuvants to the action of both the 
proteolytic and the casein-altering ferments, but especially favour the 
latter, and that in high percentages they impede the action of both, but 
less [and later, in point of degree of strength] the casein-altering than 
the proteolytic ferment. 

So far I have described the effect of pancreatic extracts on milk in 
the two ways in which it is manifest, 

1. So altering the casein as to render it susceptible of heat 
coagulation. 

2. So altering the casein as to cause it to enter into an insoluble 
condition, resulting on the milk clotting. 

It would be well to examine how far these occurrencts take place 
when pure casein is treated with pancreatic extracts. . 


THE ACTION OF PANCREATIC EXTRACTS UPON PuRE CASEIN. 


The casein was prepared with slight modifications in the way 
recommended by Hammarsten. After washing the repeatedly pre- 
cipitated and redissolved curd in alcohol, the substance was then treated 


1 Loc. cit, 
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with ether in a fat-extracting apparatus, and afterwards placed in an 
exsiccator. The casein was obtained as an extremely fine, snow-white 
powder. 

I found the presence of calcium phosphate to be a necessity for the 
manifestation of coagulation. Solutions of casein in sodium chloride, 
disodium phosphate or lime water, when treated with pancreatic 
extracts and placed in the warm bath (40°C.), never underwent any 
change to the eye but that of a slight temporary increase in cloudiness. 
The intensity of this cloudiness was estimated by using a control with 
sterilised extract. Boiling samples taken during the digestion caused 
those treated with extract to undergo a more considerable cloudiness than 
the controls. As digestion proceeded, this cloudiness on boiling became 
less marked and with a loss of opalescence of the digesting fluid the 
cloudiness caused by boiling ceased to appear. At no time was the 
cloudiness of such a character as to finally result in a deposit of flakes of 
coagulated proteid. It had the usual characters of casein heated to 
high temperature. 

With casein dissolved in calcium phosphate however the results 
were very marked. These solutions were made as follows: 2 grams of 
the dry casein powder were dissolved in 100 c.c. of lime water. This 
was neutralised with 5% phosphoric acid and the fluid diluted to 200 c.c. 
(I found the exact neutralisation of considerable importance). There 
was a certain amount of precipitated casein which was then filtered off. 
There was thus obtained a markedly opalescent solution of casein in 
calcium phosphate. 

The coagulation of the casein in such a solution proceeds with 
extreme rapidity even at the temperature of the room. The following 
experiment illustrates the general results obtained. 


EXPERIMENT XII. 
Effect of Pancreatic Extract on pure Casein in presence of Calcium 
Phosphate. 
10.25 Put into warm bath. 
4. 20c.c. casein solution + 5 c. c. panc. extr. 


B. 1 + 20 C. 0. H,O + 5 c. c. pane, extr. 
10.30 4 S opaque white clot. 
B is rather more cloudy. 


10.35 Clot in A somewhat shrunken, the ‘curd’ floating in ‘whey.’ B 
is more cloudy. 
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10.50 Clot in A much shrunken; large amount of clear whey. B has 
well-marked but somewhat loose clot. 
Further shrinking was noticed, till finally a very small mass remained. 


The effect of pancreatic extracts, then, upon a solution of pure 


casein is comparable to that of rennet. We may divide the progress of 


the conversion into two stages (not separated from each other by any 
hard and fast line) and take the first to be represented by an increased 
cloudiness of the casein, without any indication of coherency amongst 
the particles of the fluid, and a second or final stage in which the 
cloudiness has become changed to opacity and the whole mass has 
assumed a jelly-like condition. 

As regards the effect of heat upon the casein in the different stages, 
if the casein solution before being treated with the extract be boiled a 
marked permanent increase of cloudiness occurs, but, as has been 
pointed out by Halliburton’, there is no deposit of flocculi of coagu- 
lated proteid. If in the cloudy stage the digesting casein solution be 
boiled, a true deposit of flocculi of coagulated proteid does take place. 
If the jelly-like mass be heated to a high temperature there is a separa- 
tion into masses of coagulated proteid and clear fluid. 

I have so far treated simply of the effect of pancreatic extracts upon 
milk and casein. But in order to understand the nature of the changes 
that occur I found it necessary to compare with the results obtained the 
effects of ordinary rennet ferment upon milk. 


THE ACTION OF RENNET FERMENT IN SMALL QUANTITIES UPON MILK. 


By certain precautions the action of rennet ferment upon milk may 
be so disguised that nothing approximating to a clotting of the milk 
occurs until bacterial changes have set in and the milk becomes sour. 

If milk be diluted with an equal quantity of water and a very small 
amount of rennet extract added (varying of course with the strength of 
the extract, but with fairly powerful extracts, in the proportion of about 
one drop for every 100 cc. of diluted milk) the milk will become sour 
before there is any change in the way of viscidity or assumption of a 
jelly-like condition. After a certain interval however boiling a few 
cubic centimetres of the milk give a typical ‘metacasein’ reaction, 
exactly comparable to that first shown by Roberts to occur with 
pancreatic extracts. If milk which has actually undergone clotting be 


Journ. Physiol., Vol. x1. p. 450. 
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similarly boiled, there is this same separation into masses of coagulated 
material and a more fluid part. For this reason, then, I have preferred 
always to use such quantities of milk and rennet that actual clotting 
never occurs, under the circumstance of the experiment. For I have 
noticed in such cases as those in which I did not take this precaution 
that at first, by the application of but moderate heat, the milk set into 
a jelly and not until it was subjected to high temperatures did the 
curdling take place. Apparently the additional heat gave the necessary 
fillip to the completion of a process which was simply delayed, and what 
resulted was simply a heat-coagulation of ordinary tyrein. 

In a recent paper’, Arthus and Pagés have, by using milk treated 
with small quantities of rennet to the extent of causing the process to 
be very prolonged, obtained this result of a metacasein' reaction. But 
they are liable to the suggestion that they were only experimenting 
with heat-coagulated tyrein. 

With such weak extracts as I have used, the casein undergoes 
alteration in the way described, but never takes on the condition of 
clotting, but remains in this form till precipitated by the lactic acid 
formed when bacterial changes occur. 

But the changes the milk undergoes can be made manifest in other 
ways than simply undergoing curdling when boiled. If ordinary milk be 
treated with sodium chloride to saturation, the casein separates and rises 
to the surface with the included fat. If it be treated with an equal bulk 
of saturated solution of sodium chloride there is no separation of casein. 

If milk, which has been treated with pancreatic extracts or with 
rennet ferment, so that no clotting is manifest but curdling occurs in 
boiling, be mixed with an equal bulk of saturated solution of sodium 
chloride or magnesium sulphate a curd shortly separates out and rises 
to the surface of the fluid. A change then has, by these extracts, 
occurred such that the casein is caused to separate out by a lower 
percentage of sodium chloride than is required in milk unacted on. 

If such a curd be separated by filtration, the filtrate in the case of 
pancreatic extracts is quite clear, but with rennet extracts somewhat 
opalescent, this latter effect being due to some unaltered casein being 
present. 

Besides this the solubility of the altered casein in presence of free 
acid has undergone considerable change. The following experiment 
records a comparison of the effect of hydrochloric acid 5% upon milk, 
untreated and treated with rennet extract. 


1 Archives de Physiologie, 1890, p. 335. 
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Experment XIII. 


Precipitation by HCl oS of Casein (1) from ordinary Milk, (2) from 


with Rennet. 


(1) Took 20 c.c, of milk, slightly alkaline, sp. gr. 1027°5. To this added 
60 c.c. distilled water and placed in flask and added from a burette 
5% HCl with following results: 

5 c. c., no change apparent in milk. 

5˙5 c. c., a slight precipitate has occurred. (Estimated by tilting the flask 

and examining the film of milk temporarily existing after the flask 
is again put in vertical position.) 

60 Precipitate more obvious. 

70 Particles larger and still more distinct. 

80 Particles becoming finer, and this becomes more pronounced till 

about 20 C. c., when there is no precipitate to be seen. 

On addition of 70 c. c. the maximal effect was obtained, and if casein can 


be entirely precipitated by any exact percentage of acid, it would be at 
this stage. Before this stage is reached there is evidence that all the casein 


of the casein. 


(2) Took 20 c.c, of same milk, which however had been treated with 
rennet ferment and diluted with an equal bulk of water. To 
compare the results exactly, therefore, it was necessary to take 


actually 40 c.c. of the digesting milk and dilute with 40 c. c. of 
distilled water. 


This gave results as follows :— 

Milk after one hour’s treatment with rennet— 

An addition of 4 c. c. was required for the first evidence of precipitate. 
After four hours’ treatment with rennet— 

An addition of 3 c. c. only was required to give first traces of precipitate. 
I may remark that variations in dilution have a very small effect. 20 C. c. 


of the milk in (1) was treated with an equal bulk of water and increasing 
quantities up to nine times its bulk and the precipitate invariably appeared 
when from 5°6 to 5·8 c. c. of the acid were added. 


We have then three methods of determining that there is some 


change in the casein although there is no separation into insoluble 
tyrein. These are: 


(1) By boiling, a say, 
coagulati 


on. 
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(2) The addition of saturated solution of sodium chloride causes a 
separation of curds. 

(3) The addition of acid will cause a precipitation when a smaller 
amount is added than is necessary to precipitate casein unacted on. 

I should like to make a few remarks on this first method, as it is the 
one that Arthus and Pagès“ have adopted in recognising the existence 
of this altered casein or, as Roberts has termed it, this metacasein. I 
have found a considerable irregularity in the way this metacasein 
responded to different temperatures, but after making a large number 
of experiments, I may summarise my results as follows:—Specimens 
from milk (not finally clotting at the temperature of the bath before 
bacterial changes occur), with the small quantity of rennet ferment 
added (which I caused to vary within small limits), sometimes did 
and sometimes did not give a heat-coagulum at about 50° C. This 
irregularity occurred irrespective of the fact that boiling produced a 
large amount of heat-coagulation. I explain this in the way suggested 
in the earlier part of this paper. Sometimes the amount of ferment 
added was so large, that though in itself insufficient at the temper- 
ature of the bath to cause a true insoluble tyrein to form, yet on the rais- 
ing of the temperature to 50°, the milk passed through a stage more 
favourable to the working of the ferment and this was sufficient to 
complete the separation of the tyrein. The amount of coagulum 
obtained at this temperature was always small, as would be expected. 
With such specimens as gave no coagulum at this lower temperature, 
and yet gave a coagulum on boiling, I found sometimes that slowly 
raising their temperature to boiling-point caused no effect at all, but if 
rapidly raised a heat-coagulum occurred between 75° and 85°. Arthus 
and Pagés obtain similar results in one respect. They find that milk 
treated with small quantities of ferment has two points of heat- 
coagulation, a lower and a higher, and that the lower one does not 
appear unless the milk has been subjected to the action of the 
ferment for some time. Their results however differ considerably from 
mine as regards these temperatures, as they place the lower tempera- 
ture of coagulation at from 60—70°, and the higher at 95—100°. I 
have however repeated my experiments since reading their paper with 
similar results to those I first obtained. The amount of ferment added 
was extremely small compared with the bulk of the milk (about 1 c.c. 
of extract to 500 of milk) and the addition in salts could not have had 
very much effect, especially as the rennet extract was not a brine extract. 


1 Op. eit. 
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I think however that the rapidity of the change of temperature may 
have some effect. I was always careful to cause the change to be as 
rapid as possible, by using a test-tube of small bore, and placing it in 
the coagulation apparatus heated already to the temperature, the effect 
of which I desired to try. 

The next point I attempted to determine was whether this meta- 
casein was to be regarded as an intermediate product on the way of 
becoming tyrein, or an end-product of the ferment action resulting from 
the feebleness of the ferment or the attendant condition being such as 
not to permit the casein to separate out as insoluble tyrein, but to 
assume some different condition. 

To obtain evidence upon this matter, it was necessary to see how far 


it was probable that the whey-proteid did or did not appear at the same 


time as the metacasein formed. This presented some considerable 
difficulty owing to the fact that with rennet extracts there was no 
guarantee that some unacted-on casein mighf not be left in solution 


after the metacasein had been separated by the addition of the solution 


of sodium chloride. As a matter of fact the filtrates, after filtering the 
curd formed by the addition of an equal bulk of saturated solution of 
sodium chloride, were generally markedly opalescent, and this even 
after the ferment had been acting at a temperature of 40°C. for some 
six hours. Practically the only differential test between casein and 
whey-proteid is the fact that, according to Halliburton’, the former 
only is precipitated by acid. This then appears to be the only method 
of freeing a solution containing both whey-proteid and casein from the 
latter. But here again is the difficulty that a very small variation, 
either in the direction of less or more, will cause on the one hand 
incomplete precipitation and on the other a partial resolution of the 
casein. But by adding acid till the increasing opalescence has reached 
a maximum and become markedly cloudy, and repeating the process 
several times with samples from the same solution, one can with a 
minimum of error judge the amount of acid necessary. The method I 
have adopted is to take a small quantity from the solution I am adding 
the acid to, and before adding more acid test the addition of a drop of 
acid to a sample as regards the increasing or decreasing cloudiness 
occurring. In this way I have been able to obtain a solution (after 
filtering off the precipitated casein) which had no trace of opalescence. 
I used hydrochloric acid, 5%, and neutralised this afterwards with 
sodium hydrate. If such a solution be treated further with crystals of 
1 Journ. Physiol. Vol. XI. p. 462. 
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sodium chloride a precipitate occurs, which, assuming all the casein has 
been removed, must be whey-proteid. I have also dialysed off the 
sodium chloride till a comparatively faint reaction only with nitrate of 
silver was obtained and saturated with magnesium sulphate with the 
same or perhaps better result of causing a precipitate. 

Taking this then as an indication that when the metacasein appears 
whey-proteid also was present, the suggestion is that the metacasein is 
more closely related to tyrein than to casein. There are other points 
which also bear evidence in this direction. 

If milk which has been treated with the necessary amount of rennet 
to cause no clotting, but merely the metacasein change, be filtered, the 
filtrate will (after the earlier amount has been withdrawn) come through 
merely opalescent and not possessing the thick opaque character of 
ordinary milk after undergoing a first filtration (of course this thick 
opaque character will diminish considerably after repeated filtration). 
At the same time if such rennet-acted-on milk be compared (with the 
necessary dilution) as regards opacity with ordinary milk, either by the 
lactoscope or some similar contrivance, it is seen to be considerably 
more opaque than is the intact milk. For all this the filtrate passes 
through much clearer. 

But more important evidence is furnished by the reaction of the 
metacasein itself. After separation of the curd brought about by adding 
saturated sodium chloride solution by filtration, washing with half. 
saturated solution of sodium chloride till no proteid reaction is given, 
and then treating the residue with distilled water, passing the filtrate 
repeatedly through the filter, a certain but small amount of the 
separated curd goes into solution. This may be further purified by 
precipitating with acetic acid, washing by repeated decantation, redis- 
solving in lime water and again precipitating with acetic acid and 
washing by decantation. It may then be redissolved in lime water. 

But whether the solution in sodium chloride or in lime water be 
taken and to it be added in the one case calcium phosphate solution 
(obtained by neutralising lime water with 5% phosphoric acid), or in 
the other an equivalent amount of phosphoric acid, no coagulation 
occurs by the addition of rennet. It appears that the casein has 
already undergone that change in constitution by which it becomes 
tyrein, and what one is really trying to cause coagulation in is a solution 
of a substance akin to tyrein, one that rennet ferment has no further 
apparent action on. 

I attempted then to see how far these solutions in lime water 


— 


218 J. S. EDKINS. 


resembled in their reactions with calcium chloride the tyrein solutions 
that Ringer’ experimented on. My difficulty here was that the 
addition of one drop of calcium chloride to the solution of metacasein 
caused a precipitate, and a further precipitate occurred on the addition 
of more calcium chloride. I have no doubt that my metacasein solutions 
were saturated, as I took especial care to dissolve the metacasein in a 


minimal amount of lime water. It appears therefore that the addition 
of calcium chloride (I followed Ringer in using a 10% solution, which 


however was neutral) diminishes the solvent power of the lime water, 
possibly from the formation of an oxychloride which has less solvent 
power than the hydrate. This would probably explain the results he 
obtained. His solutions of tyrein were nearly but not quite saturated ; 
the addition of calcium chloride at first at ordinary temperatures had 
little effect, but only when added in more considerable quantities and 
the temperature raised did the tyrein separate out. As would be 
expected the addition of a slight amount of sodium chloride had little 
effect in redissolving the tyrein as soon as it was precipitated, as tyrein 
is with difficulty soluble in dilute saline solution, contrasting in this 
respect with casein. 

From these latter experiments I am disposed to look upon meta- 
casein, not as an intermediate product on the way to become tyrein, but 
as an end-product closely resembling tyrein, but differing from it in that 
it does not originate as a coherent substance giving the condition of a 
jelly to the fluid at the time of its formation. It is probably less truly 
in solution in the milk even than casein, yet like casein it can be 
rendered more completely insoluble by the addition of neutral salts. 

As regards the particular effect of pancreatic extracts on casein, it 
appears that such extracts contain a ferment comparable in all respects 
to true rennet ferment of the stomach, but the action upon casein is 
frequently marked by the presence of the proteolytic ferment. 


SUMMARY. 


1. There exists in pancreatic extracts a ferment which has the 
power of causing some alteration of casein to occur, apart from proteo- 
lytic changes, and this is manifested in appropriate conditions by the 
clotting of milk or casein solution. 

2. By the addition of reagents the ferment causing these changes 
can to some extent be differentiated from the proteolytic ferment. It is 


1 Journ. Physiol. Vol. XI. p. 6. 
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apparently a ferment quite comparable to the rennet ferment of ee 
extracts. 

3. With active pancreatic extracts the proteolytic ferment has 
such power that the altered casein exists but a short time before it is 
further changed by this proteolytic ferment. 

4. The addition of neutral salts will result in the clotting of milk 
under the influence of pancreatic extracts, when otherwise no apparent 
tendency to clot existed. This cannot be referred to the retarding 
influence of such salts upon the proteolytic ferment. 


5. When no change apparent to the naked eye has occurred in 
milk as the result of the action of pancreatic extracts, a change may be 
shown to have occurred 

(1) By the application of heat, 

(2) By the addition of an equal bulk of saturated solution of 
sodium chloride, 

(3) By the addition of exact quantities of acid. 

6. The same changes occur in milk when treated with minimal 
quantities of rennet ferment, in such amount as to produce no actual 
clotting. The milk will respond to the tests mentioned in 5. 

7. This changed casein or metacasein, as it has been termed by 
Roberts, who first pointed out its existence, may be separated by the 
addition of sodium chloride and purified. A solution of this metacasein 
does not clot when subjected to the action of rennet. 

8. The whey-proteid probably appears at the same time that the 
metacasein is formed. 

9. The properties of this metacasein indicate that it is closely 
allied to tyrein. 

I have to record my thanks to Mr Langley for his kindness in 
furnishing me with criticisms on my work. 


[The expenses involved in the foregoing research have been defrayed out 
of a grant from the British Medical Association.] 
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THE INFLUENCE OF ALCOHOL ON PROTEID META- 
BOLISM. By R. H. CHITTENDEN, Professor of Physiolo- 
gical Chemistry in Yale University. 


(From experiments made by Messrs CHARLES NORRIS Jr. AND 
E. E. Samira, Assistant in Physiological Chemistry.) 


ALTHOUGH much work has been done with a view to ascertaining the 
influence of alcohol on nutrition, there is still great lack of unanimity 
of opinion as to its influence on the metabolism of proteid matter. 

Many observers have reported a diminished excretion of nitrogen 
during the administration of alcohol, thus implying a diminution of 
proteid metabolism, while others have found the elimination of urea or 
nitrogen wholly unchanged. While there is a general impression that 
alcohol tends to lower the nitrogen output, or in other words to check 
the metabolism of proteid matter, and that wholly irrespective of the 
amount taken, the facts at our disposal are hardly sufficient to warrant 
such an assumption. As has been well pointed out by Warren! and 
Reichert’ few, if any, of the old experiments have much value now. 
The older observers rarely went further than to determine the daily 
excretion of urea, wholly ignoring the residual nitrogen and the nitrogen 
of the feces. Furthermore, the necessity of having the body in a con- 
dition of nitrogenous equilibrium, when studying the influence of a 
substance on nutrition, was not as fully appreciated then as at the 
present day. 

Of the more recent experiments those made by Munk appear to be 
the most trust worthy. This observer experimented with dogs of 18—20 
kilos. body weight, in a condition of nitrogenous equilibrium, giving 


1 Boston Med. and Surg. Journal, July, 1887. 

2 « The action of alcohol on animal heat functions.” Therapeutic Gazette, Feb. 1890. 

8 Verhandl. d. Physiol. Gesellsch. Berlin, Jan. 3, 1879. Also Jahresbericht fiir Thier- 
chemie fiir 1878. p. 310, 
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alcohol in small or large doses for three to five days and comparing the 
excretion of nitrogen by the urine and feces during this period with a 
like period in which no alcohol was given. The results appear to show 
that while smaller doses, 25c.c. absolute alcohol, tend to diminish 
slightly the total nitrogen output, larger doses of 40—50c.c. of absolute 
alcohol per day decidedly increase the elimination of nitrogen. In this 
connection it is to be remembered that v. Boeck and Bauer! found 
that with small doses of alcohol there was a diminished excretion of 
carbonic acid and inflow of oxygen, while larger doses led to an increased 
consumption of oxygen and excretion of carbonic acid. Hence, Munk 
concludes that in general, moderate doses of 1—l}c.c. of absolute 
alcohol per kilo. lessen the decomposition of proteid matter to the extent 
of 6—7 per cent., while larger doses of 2.c. absolute alcohol per kilo. of 
body weight increase proteid metabolism 4 to 10 per cent. Munk also 
noticed that after giving large doses of alcohol, the further administration 
of small doses failed then to produce any diminution in the consumption 


bol proteid matter, or only to a slight extent. Riess“, on the other hand, 


experimenting with men and giving 3—5 grams of absolute alcohol per 
kilo. of body weight found both the urea and uric acid of the urine 
diminished 15—16 per cent. during an alcohol period of 13 days, thus 
implying diminished proteid metabolism, but the men experimented 
with were apparently not in nitrogenous equilibrium. Further, in 
experiments published last year, Keller“, experimenting on himself and 
taking a single dose of 150 c.c. of 96 per cent. alcohol (2°4c.c. per kilo. 
body weight), found a slight diminution in the nitrogen of the urine, 
but as the nitrogen of the feces was not determined and there is no 
evidence that the body was in nitrogenous equilibrium this result is 
likewise of doubtful value. 
With herbivora, Weiske has shown that small doses of alcohol 
(about 1 cc. per kilo. body weight) exert no influence on proteid 
metabolism, when the animal receives his ordinary food. Further, 
Weiske and Flechsig“ have found that much the same result is 
obtained when the animal is fed upon a very rich nitrogenous diet. 
Thus, in an experiment covering 32 days a sheep of 40 kilos. body 
weight took daily 60 grams of alcohol diluted to 1 litre, with food 
containing 22°24 grams of nitrogen. The total excretion of nitrogen 


1 Zeitschrift fiir Biologie. Band x. p. 336. 1870. 

2 Zeitschrift fiir klin. Medicin. 2. 1. 

2 Zeitschrift fiir physiologische Chemie. 1889. Band x11. p. 128. 
4 J. f. Landwirthschaft. xxxvu. p. 327. 
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through the urine and faces amounted during the fore period to 22˙2 
grams per day, while the daily output during the alcohol period was 
22˙4 grams, and in the after period 21°88 grams of nitrogen. Thus, from 
this experiment it would appear, that with herbivora, at least, alcohol 
does not protect the consumption of proteid matter like carbohydrates, 
but rather increases it. 

It is plainly evident from these several results that we are not yet 
in a position to state definitely the action of alcohol upon proteid 
metabolism. Quite probably, as indicated by Munk’s experiments, the 
action varies with variations in the conditions, but unfortunately many 
of the experiments hitherto tried have been lacking in some one respect 

to such an extent that the results need to be accepted with caution. 
| In the present study of the question, the experiments have been 
confined wholly to dogs, and in the administration of the alcohol we 
have followed Munk in the size of the doses, so that the conditions 
might be favourable for obtaining confirmation of his results. 

The diet used throughout the experiments was a mixture of desic- 
cated beef and milk crackers or biscuit. The meat was prepared by 
taking large quantities of lean beef (sufficient to last through an entire 
experiment), freeing it from fat and tendon, passing it through a 
hashing machine and then drying it at 45—50°C. until it had lost 

about 75 per cent. of its weight. The entire quantity was ground to a 
coarse powder, thoroughly mixed, and preserved in tightly closed jars. 
A sufficient amount of dry milk biscuit was likewise prepared by simply 
grinding it to a coarse powder. The percentages of nitrogen in both 
meat and biscuit were determined in sampled portions by the Kjeldahl 
method, thus giving us exact data on which to calculate the daily 
income of nitrogen. 


First Experiment. 


In this experiment, the dog used weighed a little over 16 kilos. 
He was confined in a suitable cage, lined with galvanized iron, adapted 
for the collection of the excreta. The meat employed as food contained 
12°87 per cent. of nitrogen and the crackers or biscuit 1°81 per cent. of 
nitrogen. The daily rations consisted of 96 grams of the prepared beef 
and 80 grams of biscuit, mixed with 850 c.c. of water; one-half being 
given at 9 a.m., the other half at 5pm. The daily nitrogen income 
amounted therefore to 13°79 grams. The animal was confined in the 
cage and fed upon this diet for two weeks before the excretions were 
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analyzed, at the end of which time it was assumed that the animal had 
become habituated to the diet and his surroundings. The extent of 
nitrogenous metabolism was measured by daily determinations of the 
nitrogen of the urine, using the Kjeldahl method, and by determina- 
tions of total sulphur and phosphorus. The nitrogen of the feces was 
likewise determined by Kjeldahl’s method, whenever the animal 
defecated. Owing to the highly nutritive character of the food, however, 
this usually occurred only once in five days. Each day’s urine repre- 
sents the quantity excreted from 9 a.m. of one day to 9 am. of the 
following day, the date given in the tables being the day on which 
the 24 hours ended. Consequently, alcohol given on the 4th of April, 
for example, would have no effect on the urine of that date, but its 
influence would be looked for on the day following. 

The method employed in the determination of total sulphur and 
phosphorus was to evaporate a given volume of the urine (50—100 c.c.) 
in a commodious silver crucible with pure potassium hydroxide and 
nitrate, igniting the residue until it was completely oxidized and 
treating the salts with water. For sulphur, the solution was acidified 
with hydrochloric acid, evaporated to dryness, the residue again dissolved, 
the solution filtered and precipitated after the usual method with 
barium chloride. For phosphorus, the solution was acidified with 
nitric acid, evaporated to dryness, the residue again dissolved and the 
solution precipitated first with molybdic solution and lastly with 
magnesia mixture. From the weight of magnesium pyrophosphate, 
the phosphorus was readily calculated. 

The experiment extended through twenty-eight days and was 
divided into three periods; a fore or normal period of twelve days, 
during which no alcohol was given, an alcohol period of ten days during 
which 290 c.c. of absolute alcohol were administered, and lastly a short 
after period of six days. As seen from the table of results, the average 
daily output of nitrogen by the urine and feces for the normal period 
amounted to 13°31 grams, while the daily income was 13°79 grams. 
The animal lost considerable hair which would account for a portion of 
the deficit in nitrogen, while the remainder must be attributed to the 
slight gain in body weight and in part to the ordinary losses in 

lytical work. | 
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First EXPERIMENT. 


Absolute 

Sp. gr. Reaction Nitrogen | Sulphur | Phos- gicohol 

phorus taken 

March | kilos. | . o. grams gram gram 0. o. 
24 16°1 810 1016 acid | 12973 | 0-862 0-609 

25 16°1 800 | 1017 13000 0•630 


165 | 700 1014 „ 9.267 0-699 | 0-496 10 


| Daily average | 821 | 1016 12-947 | 0-850 | 0-719 
| March 28. 113 gram feces 2'510 
| April 3. 
Daily average nitrogen 13-314 
Absolute 
Vol Phos- 
Date folume | Sp. gr. Reaction Nitrogen | Sulphur phorus | 
| 
| April | kilos. | e. e. grams gram gram 
| 5 16·2 820 | 1017 | acid | 12511 | 0-721 | 0-682 15 
850 1020 | 16817 1 1024 15 
| 7 |166| 840 1016 12.802 0879 | o763 15 
| 8 | 168] 850 1016 „ | 12565] 0-997 | o-726 15 
| 9 | 168] 775 106 „ | 12632] 0732 | o795 | {1° 
| 10 | 167] 800 1016 „ | 13121} 0-840 | 0-730 15 
11 16˙6 780 | 1017] ,, | 13322} 0860 | o736 | 41? 
12 | 168] 810 1016 „ | 12816] 0771 | 0-776 
13 [170] 870 | ,, | 18278] 0853 0% 15 
14 |168] 740 | 1018| , 12.626 0-795 | 0 


Total 

alcohol 

Daily average | 813 | 1016 13179 | 0864 | 0-772 290 
April 8. 96 grams feces 2020 
„ 13. 2-140 


Daily average Nitrogen 13°595 


| 

26 | 162) 850 | 1016 13-080 | 0-854 | 0-632 

27 | 161 | 820 | 1017 13-087 | | 0-910 
| 28 | 163) 745 | 1016 11012 0-720 | 0-603 
| 29 | 162 780 | 1016 11-052 | 0-735 | 0-611 
| 30 | 163 955 | 1019 16-866 | 1-081 | 0-995 
| 31 | 162) 860 | 1017 13873 | 0:880_] 0-784 
| April | 
1 | 164 915 | 1016 13-993 | 0-881 | 0-822 
| 2 | 163 805 | 1017 13-600 | 0-897 | 0-762 
| 3 | 16-4) 820 | 1017 13-567 | 0-874 | 0-778 
| 

| 
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Absolute 
Volume Phos- 

Date — 4 Sp. gr. Reaction Nitrogen | Sulphur ; alcohol 
April | kilos. | ae, grams gram gram 


15 | 168; 800 | 1018 | acid | 13108 | 0-810 | 0790 0 
16 | 168 | 830 | 1016 12 13161 | 0°820 0793 
17 | 169 | 839 | 1017 1 13586 0°850 | 0761 
18 | 831 | 1016 1 13749 0-889 | 0762 
19 | 169 | 820 | 1017 95 13•542 0-889 | 0782 
20 170 735 | 1018 » 10982 | 0-686 | 0-639 


Daily average | 809 | 1017 13-021 | 0-824 0754 
April 20. 112 grams feces 20350 
Daily average Nitrogen 13°413 

During the alcohol period, in which 1°9 ¢,c. of absolute alcohol per 
kilo. of body weight were given daily for nine consecutive days, the 
average daily output of nitrogen amounted to 13°59 grams, an increase of 
about 2 per cent. over the average daily excretion of the normal period. 
The excretion of sulphur and phosphorus was likewise increased during 
the alcohol period to a corresponding extent. In the third or after 
period the excretion of all three elements fell back approximately to 
the normal. 

The alcohol administered during the alcohol period was given in two 
distinct doses daily, mixed with the water of the food, and in no case did 
it apparently disagree with digestion. Unlike most previous experiments 
there was here no noticeable diuretic action, the average daily volume 
of urine being essentially the same during all three periods. The doses 
of alcohol were sufficiently large to produce drowsiness and a tendency 
towards stupor, the animal sleeping a great portion of the time during 
the alcohol period. There was further a slight weakness of the hind legs 
noticeable at times, particularly just after the doses of alcohol were given. 

The results of this experiment may perhaps be taken as confirmatory 
of Munk’s observations that fairly large doses of alcohol tend to increase 
somewhat the nitrogen output, thus implying increased metabolism 
of proteid matter. Our results certainly show a slightly increased 
excretion of nitrogen during the alcohol period, and this is confirmed by 
a corresponding increase in the excretion of sulphur and phosphorus. 
Considering, however, the size of the doses and the length of the alcohol 
period, it would seem as if a more decisive result might naturally be 
expected, if the substance experimented with is possessed of any very 
pronounced effect upon proteid metabolism. 
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Second Experiment. 

In this experiment a somewhat smaller dog was employed, of about 
13 kilos. body weight. The diet was of the same order as that made 
use of in the first experiment. The prepared meat contained 12°83 per 
cent. of nitrogen, as determined by the Kjeldahl method, and the 
biscuit 1°16 per cent. of nitrogen. The quantity of food given daily 
throughout the experiment consisted of 70 grams of prepared beef 
and 50 grams of milk biscuit with 500 cc. of water. Hence the 
daily income of nitrogen amounted to 9°56 grams. This was fed to the 
animal at one time, instead of dividing it as in the first experiment, 
always at the same hour, viz. 10 a.m. Likewise, when the alcohol was 
given, the entire daily dose was mixed with the food and thus adminis- 
tered at one time. 

In view of the possibility of alcohol exerting some special influence 
upon the elimination of either urea or uric acid, without necessarily 
affecting the excretion of total nitrogen, it was decided in this experi- 
ment to estimate not only the amount of nitrogen eliminated, but also 
the urea and uric acid. Phosphoric acid was also determined, but 
estimation of total sulphur and phosphorus was omitted. Uric acid 
was determined gravimetrically by E. Salkowski’s well-known silver 
method’. Phosphoric acid by titration with a standard solution of 
uranyl nitrate. Urea, by titration with a standard solution of mercuric 
nitrate, after removal of the phosphates by baryta mixture and of 
chlorine by standard solution of silver nitrate. The standard mercury 
solution was prepared as recommended by Pfliiger, and in the titra- 
tion the acidity of the mixture was neutralized by a solution of sodium 
carbonate of 1053 specific gravity, after the method recommended by 
Pflüger. Total nitrogen in both the urine and feces was determined 
by the Kjeldahl method. 

The experiment was divided into three periods of ten days each. 
In the first or normal period, the average daily excretion of nitrogen 
through the urine and feces amounted to 9:098 grams. This shows a 
deficit of 0°46 gram of nitrogen when compared with the daily nitrogen 
income; a deficiency due doubtless in part to loss of nitrogen by 
shedding of hair, and in part to the animal not being absolutely in 
nitrogenous equilibrium. The deficit, however, is not a large one and 
would mean at the most a laying up of 2°87 grains of proteid matter 
per day, or for the ten days’ period of 287 grams proteid matter. In 
harmony with this, the animal appears to have gained slightly in weight. 

See Salkowskiand Leube. Die Lehre vom Harn. pp. 96-97. 
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Szconp EXPERIMENT. 
Date oa. Sp. gr. | Nitrogen; Urea /|Uric acid alcohol 
Jan, | kilos. c. o. grams | grams gram | grams | grams 0. o. 
13126 530 1019 8362 18•925 0-0402/ 1-109 
14 | 12•˙6 497 1018 8-771 | 17-940 | 00365 0-943 
15 | 12°8| 475 1018 8-342 | 18-629 | 0-0377)| 1-216 
16130 525 | 1016| 7-824) 16°851|00330| 1-044 
17 | 12-9 615 | 1017 | 10-627 | 23-460 00286 1-494 | 0°558 
18 | 430 1023 8-916 | 18542) 0-968 | 0°665 
19 | 12-9 | 510 1016 8-121 | 17-414 | 0-:0339) 1-204 
20 | 12-8 | 665 | 1017 | 10°829 | 22-512 | 0•0372 1-629 
21 | 12°8| 420 1016 5-608 | 12-456 | 00271 | 0-871 | 1:773 
22129 495 | 1021 | 10°586 | 22°359 | 0•0364 1-337 20-0 
Total 5162 87-986 189-088) 0-°3232 | 11°815 | 2-996 
2-996 
Total nitrogen, urine and 
90-982 
Phosph Absolute 
Date| Body | Vol. | sp, Nitrogen| Urea Urte acid| rie acid | Nitrogen | ‘aloohol 
. urine (P,0,) or fees taken 
Jan. | kilos. | e. e. grams | grams gram grams | grams 0. o. 
23 12˙8 585 1018] 9-311 | 20-032 | 0-0570| 1-257 25°6 
24 129 480 1015 6°162 | 13°533 | 0-0480| 0-955 25°8 
25 |12°9| 470 1018] 7°676| 17-332 | 0-0277)| 1-014 25˙8 
26 130 550 | 1020 | 10-288 | 22-644 | 0•0690 1-304 26-0 
27 130 535 | 1019} 9320 | 20°512 | 0•0570 1-205 | 0-280 | 32˙5 
28 130 575 | 1020 | 10°554 | 22-550 | 0-0449| 1-473 32°5 
29 | 13:1] 450 1017] 6-644 | 13°873 | 0-0277 | 0-992 32˙8 
30 | 13:1 | 550 1017] 7•84416•902 00358 1-099 39°3 
31 130 5501018] 8-866 | 19-156 | 0:0393 1-249 | | 39-0 
Feb. 
1 | 13°0| 630 | 1019 | 10°843 | 22-679 | 0-0439 1-389 
Total 5375 87-508 189213004503 11-937 | 0-852 | 299°3 
1852 
Total nitrogen, urine and 
89-360 
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ho- Absolute 
Body | Vol. in 
Date vt | ovine 8p. gr. Nitrogen Urea | Urie acid alcohol 
Feb. | kilos.| o. o. grams | grams | gram grams | grams 0. o. 
2 | 13-0} 650 | 1025 | 13-605 | 29-868 0•0487 1°817 | 0-075 0 
3 | 13-0] 5201017 6-837 | 15-879 | 0-:0216| 1°117 
4 | 12-9} 560 | 1021 | 10°341 | 21-416 00218 1450 
5 5401018 9-196 | 19-756 00219 | 1°322 
6 5401017] 9-072) 18-860 | 0-:0230| 1°135 
7 | 12-9] 500 1020 8-088 | 17-561 00230 1°238 | 0-917 
8 | 12-8} 610 | 1019 | 10°710 | 22-376 | 0-0229 | 1°505 
9 | 126 | 570 | 1021 | 10-872 | 22-466 | 00316 1°460 
10 | 126} 635 1018 9-705 | 19-948 | 0-0273 | 1°436 | 1-073 
11 | 12°7 | 525 1019 8-902 | 18-388 | 0-:0297 | 1-276 
Total 5650 97°328 206⸗518 0:2715 | 13-756 | 2-065 
2065 
Total nitrogen, urine ang 
feeces 99-393 


During the alcohol period of ten days, 299°3 cubic centimeters of 
absolute alcohol were given with a total excretion of 89°36 grams of 
nitrogen, as contrasted with the 90°98 grams of nitrogen of the normal 
period. This diminution in the excretion of nitrogen is very slight, and 
as it is accompanied by almost no change in the excretion of urea it 
cannot be considered as having any very decisive significance. The 
most noticeable result in the alcohol period is the decided increase in 
the elimination of uric acid. This commences immediately on the 
exhibition of the alcohol, continues throughout the alcohol period and 
the day following, and then suddenly drops to below the normal amount. 
The elimination of phosphoric acid during the alcohol period is not 
materially different from that of the fore period, neither is there any 
marked diuretic action under the influence of the alcohol. There is a 
slight increase in body weight. 

In the after period, following the administration of alcohol, the total 
nitrogen output for the ten days amounts to 99°39 grams, which is a decided 
increase over the amount excreted during the fore period, and would at 
first glance indicate that the average daily excretion of nitrogen during 
the after period (9°93 grams) was greater than the daily income of 
nitrogen (9°56 grams). This, however, is not wholly true, for while the 
total nitrogen output in the after period is greater than the total 
nitrogen ingested, this is due to the very large amount of nitrogen 
eliminated on the first day of the after period, or the day following the 
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last dose of alcohol. Thus the average daily nitrogen output for the 
last nine days of the after period is 9°53 grams against 9°56 grams 
ingested. The body weight during the after period is seen to gradually 
fall back to that of the first few days of the fore period. In the light 
of the three periods of this series it seems fair to conclude that the 
alcohol has given rise to an increase in the excretion of uric avid and at 
the same time has diminished slightly the elimination of total nitrogen. 


| Third Eaperiment. 

In this experiment the same animal was made use of as in the 
preceding one. The daily diet was changed slightly, the animal 
receiving 67 grams of prepared beef, 50 grams of sampled biscuit and 
600 cubic centimeters of water. The meat used throughout the expe- 
riment contained 13°35 per cent. of nitrogen, the biscuit 0°58 per cent.; 
hence the animal received each day 9°52 grams of nitrogen. This 
experiment was somewhat shorter than the others, extending through 
twenty-four days, divided into three periods of eight days each. 

In the fore or normal period, the total nitrogen income for the eight 
days amounted to 76°16 grams, while the total nitrogen output, through 
the urine and feces amounted to 76°84 grams, thus showing a good 
condition of nitrogenous equilibrium. The body weight likewise re- 
mained constant. 


. Tairp Experiment. 


Sp. gr. 


Nitrogen 


Urea 


Uric acid 


Absolute 
alcohol 
taken 


1019 
1018 
1017 
1016 
1019 
1018 
1018 
1019 


4480 


Total nitrogen, urine and 
feeces 


grams 
9-528 
11-637 


9-141 | 19-667 | 


grams 
19-915 
24-603 


6-803 | 14-400 
9-944 21-382 
10-245 | 22-408 


8°637 | 
9-676 


| 
75°611 161-214 


1232 


76˙843 


18-681 
20°158 


gram 
00228 
0-0210 
0:0227 
0:0208 
0-0258 
0-0271 
0°0213 
0-0209 


0˙1824 


1232 
1232 


C. C. 


31°5 


Phospho- 
Body Vol. Nit 
Feb. | kilos. e. o. grams | grams 8 ; 
19 530 1 1342 
20 | 126 | 690 1-489 
21 | 590 | 1-179 | 
22 | 126 495 1-021 
23 | 560 1:303 
24 196 590 1367 
25 | 126! 495 1.133 
ota! 
—— | 
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| Phospho. |... Absolute 
Date | Body | Vol. Sp. gr.| Nitrogen| Urea Urie acid) ric acid | alcohol 
(P,0;) taken 
Feb. kilos. o. o. grams | grams | gram grams 0. o. 
27 12·•6 570 1016 8118 17•646 00459 1˙187 31°5 
28 | 12-7 | 425 1017 6°635 | 14:285| 00410) 0-977 31˙8 
Mar. 
1 470 1018 16-675 | 0-0501 | 1-010 32-0 
2 | 127 | 630 | 1020 | 12-271 | 25-819 0,0545 1-436 | 0-682 | 38-1 
3 127 640 1018 9-915 | 21-008 | 00454 1-237 38:1 
4 12˙7 525 1016 7-448 | 15-840 | 00457 0-985 38-1 
5 | 12:7 | 580 1017 8-719 19039 | 00487 | 1°224 38:1 
6 | 12:7 | 495 1018 8-221 | 17-368 0•0465 1-110 | 0°802 0 
Total . | 4335 69-184 147-680| 0°3778 | 9°166 | 1-484 | 279-2 
1°484 
Total nitrogen, urine and 
70°668 
Body | vol. Phospho- Ni Absolute 
Date ol. Sp. gr. N. Urea Urio acid a | Nitrogen | aloohol 
| urine “P,0,) | of feces | “taken 
Mar. kilos. | . c. grams | grams | gram | grams | grams 0. o. 
7 12•˙6 710 | 1024 | 14-387 | 29-656 00412 1•678 0 
8 520 1019 8-293) 17-631 00234 | 1°156 
9 | 12°6| 625 | 1018 | 10-089 | 21-499 | 00384 1-413 | 1-033 
10 12.5 618 | 1019 | 10-436 | 22-655 | 00386 | 1-409 
11 12.6 470 1017 7-659 | 16:167|0-0310 1-115 
12 | 12-7 | 452 1016 6-678 | 14°837| 00289 1047 
13 | | 575 | 1019 | 11-292 | 23-678 | 0-°0405 1-462 
14 | 12°7| 510 | 1020 | 10°378 | 21-402 | 0-0388 | 1-268 | 0°738 
Total 4480 79°212 |167°575| 0°2808 10•˙548 1771 
1-771 
Total nitrogen, urine and 
feeces 80983 


During the alcohol period of eight days, 2792 cubic centimeters of 
absolute alcohol were administered. The total amount of nitrogen 
eliminated during this period was 70°66 grams, being a decrease of over 
6 grams in the eight days, or an average diminution of about three- 
fourths of a gram per day. The excretion of urea was correspondingly 
diminished during the alcohol period and likewise that of phosphoric 
acid. In conformity with this tendency towards diminished proteid 
metabolism there is to be noticed a slight increase in the body weight. 
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The most noticeable feature of the alcohol period, as in the last 
experiment, is the great increase in the excretion of uric acid. This 
increase commences on the first day following the exhibition of alcohol, 
and the average daily quantity eliminated amounts to more than double 
the quantity eliminated during the fore period. Further, in the after 
period, the amount excreted quickly drops to near the normal quantity. 

Again, in the third or after period, the excretion of total nitrogen, 
urea and phosphoric acid rises to a little more than that of the normal 
period, indicating plainly that the animal was in good condition 
throughout the entire experiment, and that the action of the alcohol 
had unquestionably brought about an inhibition in the excretion of 
nitrogen, urea, etc., thus implying a diminution in the metabolism 
of proteid matter. In this connection it is to be observed that the 
total nitrogen income for the entire period of twenty-four days amounted 
to 228°48 grams, while the total nitrogen output for the same period, 
through the urine and feces, amounted to 228°49 grams, thus showing 
an exceptionally close correspondence and giving us positive assurance 
of nitrogenous equilibrium. It is to be further observed that, as in the 
preceding experiment, the first day of the after period shows a very 
striking increase in the elimination of nitrogen, urea and phosphoric 
acid, This might naturally be interpreted as meaning that in the 
sudden withdrawal of the alcohol the check upon the metabolism of 
proteid matter was loosened, and consequently the production and 
excretion of these substances temporarily rose far above the normal 
amount. 

In this experiment, as in the two preceding ones, there is no pro- 
nounced diuretic action noticeable. 


Conclusions. 

As a result of these three experiments we may conclude that alcohol, 
in the quantities employed by us, and in the case of dogs, has no very 
striking specific action upon the general metabolism of proteid matter. 
In this connection due weight must be attached to the length of the 
alcohol periods. In each case they extended through eight or ten days 
and under such conditions one would naturally expect a very pronounced 
result; one which would be independent of the minor fluctuations to be 
looked for in a shorter series, and which at the same time would be 
magnified by the length of the individual periods. Furthermore, the 
quantity of alcohol employed was large, rising to 25 cubic centimeters 
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of absolute alcohol per kilo. of body weight. Obviously, such a quantity 
given day after day should produce a decided result, if the substance is 
endowed with any special power to retard or stimulate tissue changes. 

Our results lead us to the conclusion that alcohol, so far as its 
general influence on proteid metabolism is concerned, acts in the main 
simply as a non - nitrogenous food. As such it would yield a certain 
amount of energy by its own oxidation and thus tend to protect slightly 
the consumption of proteid matter and hence conserve the tissues. This 
view would accord with the recent results obtained by Reichert’ in his 
study of the action of alcohol on animal heat functions. Assuming this 
view to be correct, one could not expect any very great diminution in 
the nitrogen output under the influence of alcohol; in fact, no greater 
than was observed in experiments 2 and 3, since it can save the tissues 
or the proteid food-stuff only to the extent of the energy which it can 
itself yield. At the same time it must be remembered that alcohol is 
a potent drug, and as such may exert at times some specific action upon 
metabolic changes. Possibly in this direction lies the explanation of 
the decided increase in the elimination of uric acid. Our results cer- 
tainly indicate that alcohol has a decided and specific action in this 
direction, increasing the excretion of uric acid a hundred per cent, and 
that at a time when the elimination of urea and total nitrogen are 
being diminished. 

Alcohol may then be considered as having the power to diminish 
somewhat the general metabolism of proteid matter, thus conserving the 
tissues ; a power which is dependent mainly upon its character as a 
non-nitrogenous food. At the same time it has some specific action 
upon nutrition, as manifested in its tendency to increase the excretion 
of uric acid. 


1 Therapeutic Gazette, Feb. 1890. 
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ON THE POSITION AND VALUE OF THOSE LESIONS 
OF THE BRAIN WHICH CAUSE A RISE OF TEM- 
PERATURE. By W. HALE WHITE, MD., Physician to 
and Lecturer on Materia Medica at Guy's Hospital. 


(From the Physiological Laboratory at Guy’s Hospital.) 
In the Journal of Physiology, Vol. x1. No. 1, I described a number of 


experiments which showed that lesions of either the corpus striatum or 
optic thalamus of the rabbit produced a rise of bodily temperature, but 
that lesions of the surrounding white matter had no such effect. In 
the following experiments I have attempted to limit more precisely the 
position of lesions in this neighbourhood causing a rise of temperature, 
and I have also made experiments on many other parts of the brain. 
They will be described under the headings of the position of the lesion. 
Rabbits have always been used and the animal has not been bound 
down. The skull has been trephined in the same manner as I have 
described in my previous paper. The wound has been kept strictly 
antiseptic. Neither meningitis nor cerebral abscess has occurred in 
any of the experiments. The temperature has always been taken in 
the rectum. 

Many observers to whose papers I have before referred are agreed 
that lesions of the corpus striatum cause a rise of temperature, and Ott“ 
considers “that transverse section of the optic thalamus caused a rise 
when it penetrated the anterior inner part.” When I made my previous 
experiments it seemed to me so strange that lesions of bodies so dis- 
similar in their origin and connections as the corpus striatum and optic 
thalamus should produce the same result, that I determined to investi- 
gate the optic thalamus more carefully. 


1 Therapeutic Gazette, Sept. 15, 1887. 
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The optic thalamus and posterior part of the corpus striatum are 
very close to one another in the rabbit as well as in man. The tail of 
the caudate nucleus is prolonged back as the surcingle and almost 
encircles the optic thalamus, while the lenticular nucleus is continued 
for a long way back on the outer and under part of the optic thalamus. 
From this it follows that lesions of the optic thalamus if they are at all 
extensive, and especially if they are at its anterior part, must damage 
parts of the corpus striatum. 

In my previous experiments a lesion, which was considerable when 
we bear in mind the small size of the brain of a rabbit, was made by 
thrusting a wire down a hollow needle, and making the wire protrude 
at right angles to the needle through an aperture in the side of the 
needle, which was then turned round before the wire was withdrawn. 
In the following experiments a blunt probe was passed into the parts of 
the brain which it was desired to reach, for many experimenters have 
shown that by this method sufficient damage is done to cause a rise of 
temperature, and I also found that this proceeding caused the tempera- 
ture to rise if the corpus striatum was the part damaged. By this 
means the optic thalamus can be damaged without any implication of 
the corpus striatum. 

Experiments on the Optic Thalamus. To reach the optic thalamus a 
circle of bone was taken out of the skull in the angle between the 
interparietal and coronal sutures. A blunt probe was passed vertically 
downwards to such a depth as previous trials had shown would enable 
it to reach the optic thalamus, but not to touch the base of the skull. 
It was quickly withdrawn, and the wound was sewn up. Two experi- 
ments were performed upon each rabbit, one upon the left and one upon 
the right optic thalamus. The second experiment was usually made 
twenty-four hours after the first, for in my last paper I showed that if 
any rise of temperature were to take place it would be before twenty- 
four hours had elapsed. As the object was to find the exact position of 
small lesions the animal was killed about twenty-four hours after the 
second experiment and the brain was immediately dissected. Table I. 
shows the results of sixteen experiments, in which it was found that the 
optic thalamus was the only part of the brain which was damaged 
excepting of course the cerebral matter between it and the surface of 
the brain, but in my last paper I proved that injury to this had no 
effect upon the temperature. In taking averages of the figures of this 
table it will I think be as well if we omit the consideration of rabbits 
Nos. 8 and 9, because in these animals, for some unexplained reason, the 
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TABLE I. 
Siateen Experiments in which the optic thalamus only was implicated. 
R signifies right. L signifies left. Temperature in degrees Fahrenheit. 


235 


11 
3 2 Position of Lesion. : 327 Remarks. 
245 
5 L | Optic thal. near middle line; 103-2 17 
base and corpus striat. free 
5 R | Optic thal. near middle line; | 103 1:2 
base and corpus striat. free 
7 L Post. part optic thalamus; | 103-4 8 
and corpus striat. free 
8 k and outer part opt. thal. 104 1 
base and corpus striat. free 2 
8 R | Inner surface optie thal.; base | 104-4 | 1-2 5 0 04 
and corpus striat. free * 
9 L | Centre of optic thal.; base 103 — 10 |) This animal’s temp. 
and corpus striat. free before operation 
9 R | Centre of optic thalamus 104-2 | 20 was 104. 
10 L Optic thal. near middle line; 103-4 | 00 . 
base and corpus striat. free 
10 R | Optic thal. near middle line; | 103-4 4 
base and corpus striat. free 
11 L | Optic thal. near middle line | 103-4 9 
and far back; base and corp. 
striat. free 
11 R | Optic thal. near middle line 1038 6 
and far back ; base and corp. 
striat. free 
12 R | Front part of optic thal.; base | 104 9 
and corpus striat. free 
13 L Front part of optic thal.; base | 103-4 | 1-2 
and corpus striat. free 
13 R Front part of opticthal.; base 103-116 
and corpus striat. free 
14 L | Centre of optic thal.; base 103-3 1:3 
and corpus striat. free 
14 R Centre of optic thal.; base 103-414 
and corp. striat. tree 


temperature was 104° F. before the operation, so that in these creatures 
it clearly ranged high. Nevertheless it is especially to be observed that 
after the first operation on No. 8 the temperature did not rise above 
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104° F., and after the second operation it only rose to 1044 F. In No.9 
also the temperature fell below 104°F. after the first operation, and 
after the second only rose to 1042°F. It seems quite clear therefore 
that although at the time of operation for some reason or another the 
temperature of these animals was very unstable the operation caused 
no appreciable rise of it. 

If we exclude these two rabbits an examination of this table shows 
that after the operation the temperature never rose two degrees, that 
on six occasions it rose between one and two degrees, that on five 
occasions it rose less than one degree, and that once it did not rise at 
all. The highest rise after the operation was 17 F. The average rise 
was 10 F. The temperature never rose above 104° F., in one experiment 
only did it reach that point. In my last paper I showed that “the 
normal rectal temperature for a rabbit is between 101° and 103° F. 
Occasionally this limit is exceeded, but this excess can usually be traced 
to some slight exciting cause, for example the temperature was some- 
times found to be over 103°F. when the animals first arrived at the 
laboratory after a long journey to it.” In the series of experiments we 
are now considering the highest rise of temperature above the highest 
normal limit was 10 F. and the average rise was 4 F. In estimating 
the value of this rise we have to bear in mind that sometimes slight 
exciting’ causes, the operation, or the anaesthetic, will of themselves 
cause a slight rise of temperature. In none of these experiments was 
the base of the brain injured. 

Experiments on the Corpus Striatum. In the lesions of the corpus 
striatum described in my previous paper the area of destruction was 
larger than would be caused by a probe, therefore, four lesions which 
were produced in the corpus striatum by the probe being simply passed 
into it may be taken as control experiments. They were performed 
under precisely the same conditions as those in which the optic 
thalamus was probed, for they were experiments in which in the 
attempt to hit off the corpus striatum the probe had passed too far 
forward. It will be seen (Table II.) that in all four of them the 
temperature rose considerably after the operation. In two experiments 
it rose above 105° F. and in the remaining two above 104’ F. The 
highest rise after the operation was 2°4° F., and the highest point 
attained was 105°4° F. The average rise was 1°9° F. and the average 
rise above the highest normal limit was 1°85° F. It seemed unnecessary 
to perform more than these four experiments, for 23 experiments in 
which the corpus striatum was injured which are recorded in the 
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previous paper abundantly prove that lesions of this body cause a rise 
of temperature. 


TABLE II. 
Four Experiments in which the corpus striatum was implicated. 
R signifies right. L signifies left. Temperature in degrees Fahrenheit. 


= 
8.8 E 32 
Z| Position of tesion, | Remarks 
422233 
24 : sf 8 
* 81 = 
2 L| Anterior — of cau- 1042} 1˙1 2 24 
date nucleus 
4 L| Front part of caudate | 1054 2 24 | 24 
nucleus 
7 R Posterior part lenticu- | 1054 24 5 | 24 | Optic thal. also 
lar nucleus implicated 
12 L | Posterior part lenticu- 104-4; 2-0 9 | 48 | Optic thal. also 
lar nucleus implicated 


Contrast between the lesions of the corpus striatum and those limited 
to the optic thalamus. The following table (Table III.) shows the differ- 


TABLE III. 
Probe passed | Probe passed 
into into corpus 
optic thalamus. | striatum. 

Rise of temperature above 105° F. | 0 2 out of 4 
Rise of temperature above 104° F. 0 2 out of 4 
Rise of temperature above 103° F. 11 out of 12 0 
Rise of two degrees or more above temp. before 

operation 5 0 3 out of 4 
Rise of one degree or more above temp. before 

operation 6 out of 12 | 1 out of 4 
Rise of less than one degree above temp. before 

operation 5 out of 12 0 
No rise 1 out of 12 0 
Average rise of temp. above that before operation 10 19 
Average rise of temp. above normal 4 1°85 


ence in effect between passing the probe into the corpus striatum and 
passing it into the optic thalamus. 
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It thus appears that however we take the figures the rise of tempe- 
rature after lesions limited to the optic thalamus is very slight ( F.) 
compared with the rise (1°8° F.) after lesions of the corpus striatum. 

With regard to the slight rise after lesions limited to the optic 
thalamus the following facts must be remembered. Firstly, the tem- 
perature may rise a little above normal from some slight cause quite 
unconnected with the operation; secondly, the anaesthetic will sometimes 
produce a slight rise; and thirdly, any operation will occasionally cause 
the temperature to ascend, Bearing these facts in mind and the fact 
that the average rise was less than half a degree, I think we may 
conclude that passing a probe into the optic thalamus so that it only 
is damaged has not any important influence on the temperature. But 
with the corpus striatum the case is different. Passing a probe into it 
always causes a rise of temperature so considerable that none of these 
considerations will explain it. Further it must be remembered that the 
experiments on the corpus striatum were all made with the object of 
reaching the optic thalamus, so that in two of them the corpus striatum 
was only slightly injured in its posterior part, otherwise probably the 
rise of temperature would have been higher. 

From these experiments I draw the conclusion that lesions of 
the optic thalamus have in themselves no influence in causing a rise 
of temperature, but that when they have apparently done so, it has 
been due to the fact that the injury has implicated the corpus striatum, 
lesions of which cause a considerable rise of temperature. This is sup- 
ported by the following considerations. 

In all the nine experiments in which the optic thalamus was damaged 
and which are recorded in my previous paper as causing a rise of tem- 
perature, it is almost certain that the posterior part of the corpus 
striatum was implicated, for the needle was passed through the trephine 
opening between the frontal and coronal sutures which is used to reach 
the corpus striatum, and the lesion made by protruding the wire through 
the hollow needle was of some size. 

Then again if lesions of the optic thalamus are, like those of the 
corpus striatum, competent to produce a rise of temperature, when both 
parts are injured, we should expect a greater rise than when only the 
corpus striatum is involved; on the other hand if lesions of the optic 
thalamus do not cause a rise of temperature, then when the injury is so 
situated that only the optic thalamus is implicated we should not 
expect any rise, and the experiments just recorded confirm this expec- 
tation, but we should expect some rise when it was far forward in the 
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optic thalamus, for then in all probability the posterior part of the 
corpus striatum would be also involved. Reference to the figures in 
my previous paper will give the following results (Table IV.). (The 
results in the case of the corpus striatum are not so striking as they 
would have been were it not for the accident that the rise was marred 
by the shock caused by hemorrhage more frequently in the experi- 
ments on the corpus striatum than in those on the optic thalamus. 


For this reason I have not given the average rise.) 


TABLE IV. 
Lesions of | Lesions of 
thalam 
us. striatum. 

Rise above 106° F. O out of 9 4 out of 23 
Rise to 106° F. 0 out of 9 3 out of 23 
Rise above 105° F. 2 out of 9 4 out of 23 
Percentage of experiments with rise over 105° F. 22 50 
Rise of 5° F. above temp. before operation O out of 9 I out of 23 
Rise of 4° F. 1 10 8 0 out of 9 6 out of 23 
Rise of 3° F. a 95 ‘i 3 out of 9 C out of 23 
Percent. of experiments with rise of 3°F. or more 33 56°5 


From this table it is clear that when the lesion is so situated in the 
optic thalamus that both it and the corpus striatum are implicated, so 
far from the temperature being higher than when the corpus striatum 
alone is involved it is, however we read the figures, much lower than 
when the corpus striatum alone is damaged. The deduction to be 
drawn from this appears to be that lesions of the optic thalamus do not 
of themselves cause a rise of temperature, but when they appear to do 
so the rise is due to the partial implication of the corpus striatum. The 
temperature is not then so high as when the front part of the corpus 
striatum is damaged. This is probably because then, as its front part 
is broader than the hind part, less of it is involved. Thus these figures 
support my previous contention, that lesions of the optic thalamus 
alone do not produce a rise of temperature, but when they appear to do 
so the corpus striatum is implicated. 

Ott also supports it, as he says it is lesions of the front and inner 
part of the optic thalamus which cause a rise of temperature, for lesions 
in this place are almost sure to damage the caudate nucleus of the 
corpus striatum. 
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The present argument that the optic thalamus and corpus striatum 
have not the same function derives much support from the fact of their 
different origin. The optic thalami are derived from thalamencephalon 
and the corpora striata from the prosencephalon. Therefore at first 
they are well separated, and it is only later that they come closely in 
contact with each other. A priori, therefore, we should expect them to 
have different functions. 

I have prepared sections of the corpus striatum and of the optic 
thalamus of the rabbit, found as other observers have done that the 
difference in the cells is most striking, and is so marked that there is 
no difficulty in saying from which a section is taken. The cells of the 
optic thalamus are at least three times as large as those from the corpus 
striatum ; they are quite large for nerve cells and belong to the rounded 
type, while the smaller cells from the corpus striatum are more angular. 
Marchi' also says that the cells from these two great ganglia are quite 
different, and he considers the difference in size to be as great as it is 
between the cells of the anterior cornua and those of the posterior 
cornua of the spinal cord. 

It seems to me as it does also to Marchi difficult—if we judge 
from their cells—to avoid the conclusion that these ganglia cannot have 
the same function. This is supported by and supports the other con- 
siderations which have just been urged. 

Experiments on the septum lucidum. The septum lucidum is closely 
connected with the corpus striatum and may be said to be derived from 
it. I have been fortunate enough to obtain three experiments in which 
by passing a probe into the brain near the middle line a lesion was 
produced in the septum lucidum, each half of which is thicker in rabbits 
than it is in man. The results will be seen from Table V. In the 
first experiment the optic thalamus was also injured, but I have already 
shown that injuries of this structure produce little or no rise of tempe- 
rature. In the other two experiments the only lesion, except of course 
that in the path of the probe, was in the septum lucidum. It will be 
noticed that in all three experiments high temperatures were quickly 
produced. The temperatures attained being 106˙4˙ F., 105°4°F. and 
106:0° F, representing an average rise above the usual temperature of 
rabbits of 3˙ F. The reason of the comparatively slight absolute rises 
in the experiments 1 R and 2 R is that the temperature had not had 
time to fall from the point it reached from previous operations on the 


1 Marchi. ‘Sulla fine anatomia dei corpi striati e dei talami ottici.” Revista speri- 
mentale de Freniatria e di Medicina legale, Vol. xu. Fasc. tv, p. 1. 
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left side of the brain. Bearing in mind the close connection of the 
corpus striatum and septum lucidum it seems to me strongly to support 
the view of the thermic function of the corpus striatum that lesions 
of the septum lucidum produce a rise of temperature. 


TABLE V. 
Three Experiments in which the septum lucidum was implicated. 
N signißes right. L signifies left. Temperature in degrees Fahrenheit. 


No. of experiment 
— Table XI.) 
2 
operation 


Lesion cont. down- 
1L| Left side of septum 106-4 34 | 3} | 24 { wards and backwards 
lucidum into optic thalam. 
IR Right side of septum 1054 1°6 64 | 18 
lucidum 
2 R Right side of septum 106-0 1°8 24 | 24 
lucidum 


Eaperiments on the Cerebellum. Many observers have stated that 
fibres connect the corpus striatum of one side with the lateral lobe 
of the cerebellum of the opposite side. Gowers’ also says that when 
the cerebellum is absent the corpus striatum is reduced to a third of its 
normal size,” and it is to be inferred from the context that it is the 
opposite corpus striatum which is reduced in size. Obersteiner“ states 
that the lateral lobe of the cerebellum is connected with the opposite 
cerebral hemisphere; also that it is connected through the brachium 
conjunctivum with the red nucleus of the opposite side and thence 
with the optic thalami, and indirectly with the lenticular nucleus 
through the opposite olive and central tegmental tract. 

Thus we see that the lateral lobe of the cerebellum has many 
connections with the opposite cerebral hemisphere other than its con- 
nection with the corpus striatum, and consequently that the atrophy of 


1 Gowers. Diseases of the Nervous System, Vol. 1. p. 37. 
2 Obersteiner. The Anatomy of the Central Nervous Organs. Translated by Alex. 
Hill, p. 322. 
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the opposite corpus striatum which is said to exist when the lateral lobe 
of the cerebellum is absent, may be only part of the general atrophy of 
the whole hemisphere of the cerebrum. This is I think borne out by a 
study of the cases recorded by Cotard’. The following observations by 
him bear upon this point: 

Obs. 4. Large part of right cerebral hemisphere is atrophied, in- 
cluding the corpus striatum. ' Left cerebellum atrophied. 

Obs. 7. Atrophy of the right cerebral hemisphere, including corpus 
striatum. Atrophy of the left cerebellum. 

Obs. 24. Much atrophy of right cerebral hemisphere, only slight 
atrophy of the corpus striatum. Considerable atrophy, of the left lobe 
of the cerebellum. 

Obs. 29. Atrophy of the left cerebral hemisphere, corpus striatum 
not atrophied, optic thalamus atrophied. Atrophy of the left lobe of the 
cerebellum. 

Obs. 30, 32, 33, 34, 39, 42, are all instances of atrophy of the 
cerebellum on one side with well-marked atrophy of the cerebral hemi- 
sphere of the opposite side, including the optic thalamus and corpus 
striatum, 

We have here therefore no case in which the cerebellum was 
atrophied, and the only part of the cerebrum that was atrophied was the 
corpus striatum ; in all cases the atrophy of this body was only part of 
the general atrophy of the cerebral hemisphere. It is particularly note- 
worthy that in observation 29, although the lateral lobe of the cere- 
bellum was atrophied and also the opposite cerebral hemisphere, the 
opposite corpus striatum was not diminished in size, and in observation 
24 under similar circumstances the atrophy of the corpus striatum was 
only slight. 

The only evidence that I can find for the belief that when the 
lateral lobe of the cerebellum is atrophied the corpus striatum will be 
atrophied apart from atrophy of the cerebral hemisphere, is Flechsig's“ 
case of a new-born infant in whom the cerebellum was congenitally 
absent and both corpora striata, especially the lenticular nuclei, were 
diminished to a third of their natural size although of normal structure, 
but the rest of the cerebral hemispheres was normal, except that there 
was some atrophy of the convolutions of the insel. It by no means 
follows from this that the atrophy of the lenticular nuclei was secondary 


1 Cotard, ‘Etude sur l’atrophie cérébrale.’ These pour le Doctorat en Medicine. 
Paris, 1868. 


2 Flechsig. Plan des Menschlichen Gehirns, p. 41. 
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to that of the cerebellum, it is equally probable that it was an accidental 
coincidence. 

Lallement’ gives an instance of complete atrophy of the left lobe 
of the cerebellum in which the right corpus striatum was a little less in 
size than the left, for the right measured in length 55 millimetres while 
the left measured 63 millimetres. The length of the right cerebral 
hemisphere was 26 centimetres and that of the left 27°5 centimetres- 
He does not attribute this smallness of the right cerebral hemisphere to 
atrophy but he thinks that the left hemisphere was the longer because 
it had grown back to fill the space left by the atrophy of the left lobe 
of the cerebellum. It appears to me that this case is not of much value, 
for in the first place the differences in measurement are very slight, and 
in the next place there is no evidence that the difference in length between 
the cerebral hemispheres was not due to atrophy of the right. I cannot 
therefore agree with Flechsig that this case supports the view of the 
association between the lateral lobe of the cerebellum and the corpus 
striatum. 

Wernicke’ mentions several cases of softening of the cerebellum in 
which the opposite side of the cerebrum was normal. 

Lastly, in birds a large corpus striatum can be found but there is no 
lateral lobe of the cerebellum. 

All these facts seem to me to disprove the statement that there is 
any special relationship between atrophy of the lateral lobe of the 
cerebellum and corpus striatum, and therefore to point against any 
very intimate association in function between them ; still it appeared 
worth while to see whether lesions of the cerebellum had any effect 
upon the temperature. The skull was trephined just behind the junc- 
tion of the lambdoidal and sagittal sutures over the cerebellum, into 
which a cataract knife was plunged and moved about so as to destroy 
the brain tissue. Owing to the spongy nature of the skull here much 
blood was lost, especially when the operation was bilateral. The, animal 
always seemed perfectly well after the operation except when by accident 
the middle lobe of the cerebellum was injured, and then rotatory move- 
ments about a longitudinal axis were present. 

Table VI. shows the results of seven experiments, in some of which 
the right, in some of which the left, and in some of which both lobes of 
the cerebellum were destroyed. 7 


1 Lallement. Bulletins de la Société Anatomique de Paris, 1862. Tome vu. Ser. 2, 
p. 190. 
Wernicke. Lehrbuch des Gehirnkrankheiten, 
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TABLE VI. 
Seven Experiments in which the cerebellum was damaged. 
Temperature in degrees Fahrenheit. 


Table Position of Lesion. —.— der 
XI.). ( ). tum). 
15 Both lateral lobes 102 101°8 
16 Right lateral lobe 101 99 
17 Both lateral lobes 102-2 99-6 
18 Both lateral lobes 102-2 101°8 
19 ight lateral lobe 100 
20 Left lateral lobe 100-4 
21 Both lateral lobes 103 101 


It will be seen that the temperature after the operation never 
exceeded 103° F., so that it is at once clear that lesions of the cerebellum 
do not cause a rise of temperature. The temperatures as a whole range 
low, being in two animals 99 and 99°6 respectively, but no importance 
should be attached to this, for the operation is severe and a considerable 
loss of blood is inevitable and therefore shock may easily explain these 
rather low temperatures. Had they been due to the lesion of the 


cerebellum the fall below normal—101°-103° F. for a rabbit—would 


have been greater and more constant. Unfortunately Nos. 19 and 20 
were found dead in their cages a few hours after the operation. 
Haemorrhage was the cause of death, although at the time of operation 
it appeared as though all the bleeding had been stopped. No. 21 was 
kept alive for five days after the operation and during the whole of this 
time the temperature ranged between the normal limits. 

As a result of these experiments we may therefore conclude that 
lesions of the cerebellum have in the rabbit no effect upon the tempera- 
ture of the animal. | 

Experiments on the posterior part of the cortex. Eulenberg and 
Landois“ found that in dogs injury of the cortex in the neighbourhood 
of the cruciate sulcus caused a rise of temperature, and Ott“ experi- 
menting upon cats found that injury either in this part of the cortex 
or far back near the posterior border of the cerebrum had the same 


1 Virchow’s Archiv, Bd. uxvm. S. 245. 
Journal of Nervous and Mental Diseases, Feb, 1888, 
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result. He mentions an observation upon a rabbit in which he 
noticed that when a puncture was made just in front of the ear 
into the cortex there ensued a fugitive rise of temperature.” This was 
a solitary observation upon a rabbit and Ott has not published it in 
detail, therefore I made some experiments — the effect of destruetion 
of the cortex in rabbits. 

An incision was made through the superficial structures immediately 
in front of the ear. The skull was trephined elose to its outer margin, 
the dura mater was incised and the cortex destroyed immediately under 
the trephine hole. In a few experiments a considerable area of bone 
was cut away with forceps and a large surface of cortex was destroyed. 
By these means the posterior part of the upper surface of the cerebrum 
was damaged. 

Table VII. shows the results of twenty-four experiments of this 
nature. The lesion was always found to consist of a superficial destruc- 
tion of the cortex on the upper surface of the cerebrum close to its 
posterior border. All the lesions were not precisely in the same spot 
but they were nearly so, and the slight differences in position do not 
seem to have had any noteworthy effect upon the temperature. 

It will be seen, if the temperature after the experiment is contrasted 
with that immediately before, that it did not rise at all in three experi- 
ments, it rose less than a degree in six experiments, between one and 
two degrees in three experiments, two degrees or more but less than 
three in nine experiments, and between three and four degrees in 
three experiments. The greatest rise was 36°. The average rise was 
162°. I have already shown that 103° may be taken as the higher 
limit of the normal rectal temperature of the rabbit. In these twenty- 
four experiments the temperature rose above 103° seventeen times, it 
attained that point twice and did not reach it seven times. In consider- 
ing these results it will be wise to omit experiment 23 L, because for 
some unexplained reason the temperature was 1046 immediately before 
the operation, but it is especially noteworthy that it nevertheless rose 
considerably immediately after the destruction of the cortex. Leaving 
this one out we have sixteen experiments in which the temperature was 
raised above 103°, of these it rose to over 105° four times, to 104“ or 
over six times, and over 103° six times; the average rise above 103° 
was 1°3°, 

The lesions may be arranged in three degrees of intensity. There 
are—still leaving out 23 L—twelve in which the cortex was destroyed 
with a probe, after ten of these or 83°/, the temperature rose above 103“, 
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Twenty. four. Experiments in which the posterior part of the cortex 


R signifies — L signifies left. 7 71 in degrees Fahrenheit. 


Position of Lesion. 


888 


28 88 


wo 
— 


888 


e Ses 


Close to outer, little in 
front post. border cere- 
brum 

In middle from side to 
side, close to post. bor- 
der cerebrum 
Same as last 


Same as last 
Same as last 
Same as last 


Close to outer and little 
in front post. border 
cerebrum 
Same as last 
Same as last 

In middle from side to 
side, and close to post. 
border of cerebrum 
Same as last 

Close to outer and little 
in front post. border 


Same as last but smaller 
and nearer middle line 
Same as last 

In middle line from side 


way to the front 
Same as last 
Same as last 
Same as last 


288 


28 


a4 ADRS 


bo 
S 


— 


— 


Cause of temp. of 104°6 immed. 
before oper. unexplained. Quite 


ver aight ore 


Ditto, both sides were operated on 
at same time, therefore large area 


destroyed. 
—— 


2 
: 
— 7 = =- 
ꝙg̃ Bak 3832 FEE 
* xz = 
22 L In the first thirteen experiments 
N the destruction was mechanical 
105°8 | 3˙2 44 36 | and of small area. 
22 R Also rise directly after operation. 
1046) 2°6 24 48 
ex 
obs. show nothing so high 
> was 
103°7 0˙3 10 12 opera- 
104 | O4 | 19 | 24 od lest 
105-2 2-4 4 12 average rise migh too 
high. 
Also rise directly after operation. 
| 105˙8 67 | 67 
103°2 25 
104-4 3 14 
Rise to 102 cight hours after ope- 
ration. 
102˙2 a 24 24 
104°4 34 | 48 
cerebrum 102˙8 a 
Same as last 105˙2 28 
In 3 line from side Destruction of small area with 
to side close to rior cautery. 
border of —— 103°4 
Same as last 104°0 Ditto. 
Same as last 103-0 Ditto. 
Same as last 103°6 Ditto. 
Ditto. 
104˙2 3°6 
border cerebrum 1016| O4 | 
Large destruct.extending 
from post. border half 
102°2| 2-0 
103 0-0 Ditto. 
1°2 Ditto. 
: 103°6 | 0-8 Ditto, both sides were operated on 
at same time. 
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it was over 105° four times, 104° or over four times, and over 103° twice; 
the average rise being 1°6°. In six experiments the same sized trephine 
hole was made in the skull but as the electro-cautery was used, the 
area of cortex which was damaged was larger, after five of these six, 
or 83°/, the temperature rose above 103° but the average rise was only 
07. The temperature never went over 105°, it was over 104° twice and 
over 103° three times. It is noteworthy that in the experiment among 
these six in which the description expressly states that the area destroyed 
was small, the temperature rose higher than in any of the other five. 
In five experiments a large area of cortex was destroyed with the 
cautery, and after this destruction the temperature only rose once above 
103° or in only 20°/,, and the point attained was 103°6°. 

We thus learn that destruction of the posterior part of the cerebral 
cortex of the rabbit generally causes an increase of the rectal tempera- 
turé, but sometimes this rise does not take place and sometimes it is 
very slight. It also appears probable that the smaller the area destroyed 
the greater the rise of temperature, for it reached a higher point after 
destruction with a probe than after destruction with the cautery, and it 
usually did not rise if a large area was destroyed. It is difficult to prove 
whether these differences are entirely due to the greater shock of the 
latter operations. It is possible they may in part be due to the fact 
that the temperature immediately before the operation happened as a 
rule to be higher in the animals for whom the probe was used than in 
those for whom the cautery was employed, but I certainly do not 
think this can be the whole explanation, for often when the tempera- 
ture immediately before the operation was in the higher part of 
the normal limit the height reached afterwards was not great, and 
often when the temperature immediately before the operation was in 
the lower part of the normal limit the height reached afterwards was 
much greater. 

The rapidity with which the temperature rose is shown in the table. 
It will be noticed that sometimes it attained its highest point in three 
or four hours. In order to contrast the rate of rise with that after 
operations on the corpus striatum it will be well to omit the experiments 
with the cautery, for the corpus striatum was destroyed mechanically. 
Taking therefore only the first thirteen experiments we see that in 20 L 
and 30 R there was no rise. In 22 R, 25 L, 26 R and 28 L although 
the highest point was not attained for many hours, a point almost as 
high was attained in 1}, 10, 3 and 8 hours respectively. If we substitute 
these figures we find that the highest point or almost the highest point 
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was reached in, on the average, five hours. Excluding the two experi- 
ments in which the temperature did not rise at all the average duration 
of the rise was 29°7 hours. These figures are only approximate because 
the temperature was not constantly being taken, but they serve to show 
thatthe rise or fall of temperature takes place very quickly. A very 
noteworthy point in these experiments is the extreme irregularity of the 
temperature. Thus in rabbit 22 the temperature quickly rose to 105°8° 
F. after the first operation and fell steadily, but after the second it first 
rose, then fell, then rose again, and then fell again. In rabbit 28 soon 
after the operation it fell to 99°6°, but in a few hours rose to higher than 
it was before the operation. In rabbit 26 it was very irregular after both 
the operations. 


If now we contrast the results obtained by mechanical injury to the 
posterior part of the upper surface of the cortex of the cerebrum of the 
rabbit with those I have already recorded in my previous paper as 
following mechanical injury of the corpus striatum, we find that when 
this structure was damaged a considerable rise of temperature took place, 
the point reached being often well above 106°, and in 11 out of 23 
experiments or 48°/, over 105°, the average time before the highest point 
was attained was 164 hours and the duration of the rise was 62} hours, 
the rise was regular without secondary rises ; but when the posterior 
part of the cortex was damaged the temperature usually rose, but 
never to over 106°, and in only 4 out of 12 experiments, or 33°/, 
over 105°, so that the rise is less; the maximum is attained much 
more quickly, for it is reached on the average in 5 hours, the duration 
of the rise is shorter, for it is on the average 29°7 hours, and the 
temperature after the experiment is often very irregular, secondary 
well-marked rises frequently taking place. 


Often immediately after these operations on the posterior part of the 
cortex there was a considerable fall of temperature, as the following 
figures (Table VIII.) show. 

The last three of these operations were very severe, for a large area 
of the cortex was destroyed, therefore the fall of temperature was most 
likely due to shock. The first three were not particularly severe, but 
operations on the posterior part of the cortex often lead to considerable 
loss of blood from the bone, which here contains much cancellous tissue, 
consequently in these also the fall may have been due to shock. 
Anyhow no safe deduction can be drawn from these instances in which 
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the temperature fell. Whenever it did fall the decrease was quickly 
produced, and only lasted a short time. 


TABLE VIII. 
T — — 
No. of emp. | sh Ow | ex ; 
* 
24 L 99˙6 3˙8 2 
25 L 99°4 4˙2 2 
30 L 100°4 2-4 1 
35 L 96˙8 3˙4 3 
35 R 1008 2˙2 2 
36 L. 986 26 33 


Experiments on the anterior part of the cortex. In six experiments 
(Table IX.) this part of the brain was destroyed with a cautery, through 
a trephine hole, the same size as was ysed for the operations upon the 


posterior part of the cortex. | 
TABLE IX. 


cerebrum was implicated. 


R signifies right. L signifies left. Temperature in degrees Fahrenheit. 


| 
: 


25 

328 212 

41 2 

31 L Front part of cortex 103 0˙4 8 

31 R Same as last 103-4 | 1:2 4} 

32 L | A little behind the last | 1032 1-0 4 

32 R | Same as last 103-2 | 16 17 

33 L Front part of cortex 1026 | 16 3 

33 R Same as last 1036 | 208 


These experiments show that the highest temperature attained after 
destruction of the anterior part of the cerebral cortex with the cautery 
was 103°6°, the greatest rise above the temperature immediately before 
the operation was 2˙8 and the average rise was 1°4°, Out of the six 
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experiments it rose above 103° in four and the average rise above this 
point was 0°35°. It will be remembered that when the posterior part of 
the cerebral cortex was destroyed with the cautery the highest tempera- 
ture attained was 104°2°, the greatest rise above the temperature im- 
mediately before the operation was 3°6’ and the average rise was 2°3°. 
Out of six experiments it rose above 103° in five and the average rise 
above this point was 0°7°. We thus see that in whatever way (but by far 
the most important is to contrast the extent of the rise over 103°) we 
take the figures, destruction of the posterior part of the cerebral cortex 
is much more potent in raising the rectal temperature than is a similar 
destruction of the anterior part of the cerebral cortex, in fact, the rise 
after the latter operation is so slight that when we remember that any 
operation may cause an unimportant temporary rise of temperature, 
I am inclined to doubt whether destruction of the anterior part of the 
cerebral cortex has in itself any power to cause a rise of the rectal 
temperature, but even if it has, it is clear that its influence is slight and 
of short duration. This result, which has been arrived at by contrasting 
experiments performed with the cautery, is supported by the fact that 
when I destroyed small portions of the anterior part of the cerebral 
cortex with a probe’ no rise of temperature of any importance took 
place, but when, as has just been seen in the present paper, a portion of 
the posterior part of the cerebral cortex was destroyed with a probe, a 
considerable rise took place. In favour of the anterior part of the cortex 
of the cerebrum having some slight modifying influence upon the rectal 
temperature is the curious fact that this, although a rabbit’s temperature 
is always liable to slight variations, was never lower immediately after 
the operation than it was before it; it was either the same or a little 
higher. 

3 on the crus cerebri. In two experiments, 6 L and 6 R 
(see Table X.), the crus cerebri was the only part injured; in each of 
them the temperature quickly rose, in one to 106˙8˙ F., in the other to 
105° F., giving a rise in the first of 3˙4 F., in the second of 22°F. It 
is probable that this rise was due to implication of fibres proceeding 
downwards from the corpus striatum. Haemorrhage into the Pons 
Varolii in man frequently causes a high temperature, possibly for the 
same reason. 

Experiments on the white matter of cerebrum. In experiments 3 R 
and 4 R (see Table X.) the only parts injured were respectively 
the white matter in front of the corpus striatum and the anterior 

1 This Journal, Vol. xr! p. 4. 
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commissure. In neither case was there any rise, and thus these two 
experiments fully confirm the conclusion arrived at in the previous 
paper that lesions of the white matter of the cerebrum do not cause 
a rise of temperature. 
TABLE X. 
Two Experiments in which the crus cerebri and two in which other 
parts of the white matter were implicated. 
R signifies right. L signifies left. Temperature in degrees Fahrenheit. 


Position of Lesion. 225 Remarks. 

3 R Outside front part of cau- | 102-6 | —2 There was no rise after this 
date nucleus operation. The temp. con- 

4B | Small lesion in white com- 102-6 tinued to fall from the height 
missure it had attained after the pre- 

6L | White “ogg of left crus 106-8 3:4 | 19 | 43 |\ vious experiment. 
cere 

6 R Large hemorrhage right |} 105 | 22 10 Animal showed well-marked 
across right crus rotatory movements. 


SUMMARY. 


From this paper and the previous one the following facts appear : 

1. The normal rectal temperature of a rabbit is between 101° F. 
and 103° F. 

2. Neither an anaesthetic nor an operation on the brain affects the 
temperature much, unless some special part of the brain is damaged. 

3. Lesions of the corpus striatum, if not large enough to give 
rise to shock and severe haemorrhage, cause a considerable rise of 
temperature. 

4. Lesions of the septum lucidum also cause a rise of temperature. 

5. Lesions of the optic thalamus do not alter the temperature’. 

6. Lesions of the white matter around the corpus striatum and 
optic thalami do not cause a rise of temperature. 

1 Baculo (Riforma Medica, Nov. 1890) has recently published some experiments which 
he claims prove that damage to the optic thalamus will cause a rise of temperature, but I 
think that as he produced the lesions by the injection of bichromate of potash, Bismarck 
brown and other substances, his results are not of much localizing value, for by such means 


it is impossible to accurately limit the destruction, especially in these parts, as the corpus 
striatum and optic thalamus are so close together. 
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7. Lesions of the cerebellum do not alter the temperature. 

8. Lesions of the anterior part of the upper surface of the cerebral 
cortex either do not alter the temperature or the alteration is very slight. 

9. Lesions of the posterior part of the upper surface of the cerebral 
cortex may cause irregular rises of temperature, which are quickly 
produced and last only a short time. Sometimes there are several rises 
and falls after one operation. 

9. Lesions of the crus cerebri cause a considerable rise of tempera- 
ture. 

No completely satisfactory explanation of these experimental results 
can at present be given. I have elsewhere pointed out their bearing 
upon medicine’, and upon the evolution of warm-blooded animals from 
cold-blooded ancestors*. The facts that a minute lesion in the corpus 
striatum can cause a considerable rise of temperature and that the rise 
only lasts some hours suggest that the effect is irritative; although 
the central nervous system does not usually respond to mechanical 
stimulation, still it is quite possible that in the cases under consideration 
the effused blood and serum act as irritants, for we know that in man 
unilateral convulsions may follow haemorrhage in the opposite side of 
the brain. | 

Most observers who have performed experiments with a calorimeter 
and upon the amount of carbonic acid gas excreted, consider that the rise 
of temperature produced by lesions of the corpus striatum is due to an 
increased production of heat, and indeed the uniformity, the regularity 
and the extent of the rise suggest this; it is interesting also to notice 
that the corpora striata first become well developed in warm-blooded 
animals, but great stress must not be laid upon this as an argument 
until we are sure of the precise homologues in the lower animals of the 
corpora striata in the upper. 

We are still more in the dark about the interpretation of the 
variations of temperature consequent upon lesions of the cortex. Con- 
sidering their irregular and rapid character it is tempting to assume 
that certain parts of the cortex are concerned in maintaining the balance 
between the production of heat and its loss, but much evidence must be 
collected before anything certain can be said upon this difficult point. 


1 “Theory of Pyrexia.” International Journal of Medical Sciences, Nov. 1890. On 
the Parallelism between the three thermic mechanisms and Dr Hughlings-Jackson’s 
three levels. Brit. Med. Journ., April 26, 1890, p. 949. 

2 A theory to explain the evolution of warm-blooded vertebrates. Jour. of Anat. and 
Phys., Vol. xxv. p. 374. 
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I am indebted to Mr A. D. Fripp, B.S., Demonstrator of Anatomy to 
Guy's Hospital, and Mr J. P. Pendlebury, my House Physician, for 
having kindly helped me to take some of the temperatures. 


TABLE XI. 
Shewing details of Experiments. 
Raseir. No. 1. 
Day Time. Temperature in Rectum. 
1 2.15 p.m. 103 i 
2.30 „ Probe passed into brain L side 
5.45 „ 106˙4 
2 1 am. 104 
10 103˙6 
3.30 p. m. 103˙8 
3.45 „ Probe passed into brain R side 
6 102˙2 
11 105˙4 
3 10 am. 103 
2 p.m. 102°8 


4p.m. Autopsy. L side. Large lesion passing downwards and back- 
wards through the septum lucidum and terminating in the optic thalamus 


deep down near the middle line. 


R side. Small lesion passing vertically downwards through the septum 
lucidum and ending in the white commissure, 


Rassit. No. 2. 
Day. Time. Temperature in Rectum. 
1 3 p.m. 103˙1 
3.15 „ Probe passed into brain L side 
5.45 „ 104˙2 
2 1a. m. 104˙2 
10 10 104 
3.30 p. m. 104˙2 
3.45 „ Probe passed into brain R side 
6 106 
11 104°4 
3 10 am. 105-2 
2 pm. 104-4 


4p.m. Autopsy. L side. A small lesion to the front of caudate nucleus 
which was slightly implicated, as was also the grey matter at the base. 
R side. Considerable lesion in the R side of septum lucidum. 
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Ranmr. No. 3. 
Day Time. Temperature in Rectum. 
1 3.15 p. m. 102˙6 
3.30 „ Probe passed into brain L side 
5.45 „ 103 
2 1 am. 102˙2 
10 2 102˙2 
3. 30 p. m 102°8 
4 1 Probe passed into brain R side 
6 102°3 
11 102°6 
3 10 am 102-4 
2 Pp m. 102˙2 


4 p. m. Autopsy. L side. Very large haemorrhage in the centre of the 
caudate nucleus. Quite large enough for the shock to explain the very 
slight rise of temperature. This makes this a valueless experiment. . 


R side. Lesion outside the front part of the caudate nucleus. 


No. 4. 
Day Time. Temperature in Rectum. 
1 3.15 p. m. 102°4 
3.30 „ Probe passed into brain L side 
6 105-2 
2 1 am. 104°6 
10 9 103˙8 
3.30 p. m. 105˙4 
4 a Probe passed into brain R side 
6 1 102°6 
11 1026 
3 10 am 102 
2 p.m. 102-2 


4 p.m. Autopsy. L side. Large lesion in the front of the caudate 
nucleus. It has extended to the base. 

R side. A small lesion going vertically downwards, avoiding the corpus 
striatum and optic thalamus and ending in the white commissure, 
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Rassit. No. 5. 


Temperature in Rectum. 


— 


Day Time. 
1 3.15 p. m. 
330 
5.30 „ 
2 2 am 
10 „ 
3 pm 
7 1 
3 1 a. m. 
10 ” 
4 p.m 
9 1 
4 1 a.m. 
0 
1 


p.m. 


101°5 

Probe passed into brain L side 
100°6 

102°6 

103-2 

102°8 

102°8 

102 

101°8 

Probe passed into brain R side 
102°6 

103 

102°6 

102-0 


4 p.m. Autopsy: Two symmetrical lesions, one in each optic thalamus 
not reaching to base, near middle line quite free of caudate or lenticular 


nuclei. 
Rannrr. No. 6. 
Day Time. Temperature in Rectum. 
3.15 p. m. 
3.30 „ Probe passed into brain L side 
5.30 „ 101˙8 
9 104-4 
2 2 a. m. 105-0 
* 88 106-8 
3 p.m. 104-6 
7 1 105°8 
3 1 a.m. 104-2 
10 1 103˙4 
2 pm 102˙8 
4 = Probe passed into brain R side 
9 je 104 
4 2 am. 105 
10 9 104˙4 


4 Autopsy. L side. A circular haemorrhage an eighth of an inch 
in diameter just behind and to the outer part of the optic thalamus in the 
white matter of the crus ; all the corpus striatum quite free. 

Reside. Large haemorrhage right across the crus. 

After the operation on the R side the animal showed well-marked 
rotatory movements on an antero-posterior axis. 
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Ranmr. No. 7. 
Day. Time, Temperature in Rectum. 
1 3.30 p. m. 102°6 
4 * Probe passed into brain L side 
5.30 „ 101˙8 
9 i 103˙2 
2 2 am. 103°4 
10 103°2 
3 p. m. 102˙6 
7 103˙2 
3 1 a.m. 102˙8 
10 1 103 
4 p.m. Probe passed into brain R side 
9 105-4 
4 l am. 105 
10 103-6 
1 p.m. 103-2 


4p.m. Autopsy. Le side. A small lesion in the posterior part of optic 
thalamus, not reaching to the base nor implicating any part of the corpus 
striatum. 

R side. A large haemorrhage in the lower part of the optic thalamus but 
not reaching to the base. The caudate nucleus was certainly free, but from 
the position of the lesion it was almost certain that the posterior part of 
the lenticular was implicated. 


Ranmr. No. 8. 
Day. Time. Temperature in Rectum. 
1 3.30 p. m. 104 
3.45 „ Probe passed into brain L side 
10 4 104 
2 2 am. 103°8 
11 * 103 
p. m. 103˙4 
3 te 102°6 
11 1 103˙2 
4 pm Probe passed into brain R side 
6 5 104˙2 
10 5 104°4 
4 2 . am 104-4 
10 * 104˙2 
1 p.m. 103°8 


4p.m. .Autopsy. L side. Lesion in optic thalamus far back and to 
the outer part. Base and us striatum free. 

R side. Probe had down in the middle of the third ventricle and 
pr ee each optic thalamus. Base and corpus 
striatum 
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Rassit. No. 9. 
Day. Time. Temperature in Rectum. 
1 3.30 p. m. 104 
3.45 „ Probe passed into brain L side 
10 1 103 
2 1 am. 103 
11 9 102°4 
p.m. 102˙8 
3 1am. 102 
11 102˙2 
4 pm Probe passed into brain R side 
6 * 103°6 
10 104˙2 
4 2 am. 104 
10 103-4 
1 pm. 103-4 


4 p. m. Autopsy. L side. Lesion in centre of optic thalamus. Caudate 
and lenticular nuclei quite free. Base not implicated. — 

R side. Haemorrhage in similar position except that it is a trifle further 
back in the optic thalamus. The probe has passed obliquely backwards and 
has passed through the roof of the lateral ventricle, in which there is a little 
blood clot which may have irritated the caudate nucleus. Base free. 


Rannrr. No. 10. 
Day. Time. Temperature in Rectum. 
1 3.30 p. m. 103˙4 
3.45 „ Probe passed into brain L side f 
10 103 
2 2 am. 103-4 
11 * 102 
4 pm. 102 
3 2 am. 102 
11 5 103 | 
4 pm. Probe passed into brain R side — 1 
6 103°4 
10 103°4 
4 2 am. 103 
10 102˙6 
1 p.m, 102˙4 


4p.m. Autopsy. Symmetrical lesion in each optic thalamus near middle 
line. Caudate nucleus, lenticular nucleus and base of brain entirely free. : 
PH, XII. 17 
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Rassir. No. 1l. 
Day Time. Temperature in Rectum. 
1 3.30 p.m. 102˙5 
3.45 „ passed into brain L side 
10 103 
2 2 am 103 » 
11 103˙2 
4 p.m. 103-4 
3 1 am, 103 
11 103˙2 
4 p.m. Probe passed into brain R side 
6 102˙8 
10 * 103˙8 
4 2 am. 103°6 a 
10 * 103˙2 
1 pm. 102˙8 


4 p.m. Autopsy. Symmetrical lesion in each optic thalamus near the 
middle line and far back. Caudate and lenticular nuclei and base of brain 
quite free. | 


Rasait. No. 12. 
Day. Time. Temperature in Rectum. 
1 4 p.m. 102˙4 
4.15 „ Probe passed into brain L side 
103°8 
2 am 104-4 
10 1 102˙8 
p. m. 103 
11 102°9 
3 11 am. 103˙1 
3 p.m. Probe passed into brain R side 
4 am. 102-9 
11 103˙4 
2.30 p. m. 102˙6 


4 p.m. Autopsy. L side. Large lesion in the middle of the optic 
thalamus. It is so large that probably the tip of the lenticular nucleus is 
implicated. 

R side. Small lesion in front part of optic thalamus. Caudate and 
lenticular nuclei and base all free, 
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Rassit. No. 13. 
Day. Time. Temperature in Rectum. 
1 4 p.m. 102˙2 
4.15 „ Probe passed into brain L side ö 
8 103˙4 
2 1 am. 102˙4 j 
11 101°3 
4 p.m. 102-6 
11 * 103 
3 11 am, 101°7 
3 p.m, Probe passed into brain R side 
7 102˙6 
4 am. 103:1 
11 102˙4 
2.30 p. m. 103-2 


4 p.m, Autopsy. Symmetrical small lesions in front of each optic 
thalamus. Caudate, lenticular nuclei and base quite free. 


Rassit. No. 14. 
Day. Time. Temperature in Rectum. 
1 4 p.m. 102 
4.15 „ Probe passed into brain L side 
8 101°3 
2 1 103°3 
10 101°4 
4 p.m. 102°4 
11.30 „ 101°8 
3 ll am. 102 
4 p.m. Probe passed into brain R side 
7 103˙4 
4 1 am. 103°4 
11 102˙5 
2 p.m. 101°6 


3 p.m. Autopsy. Two small symmetrical lesions, one in each optic 
thalamus about its centre. 
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Rannrr. No. 15. 
Day. Time. Temperature in Rectum. 
1 3.45 p.m. Both lateral lobes of the cerebellum slightly 
broken up with a cataract knife 
4 1 
8 1020 
12 10 102-0 
2 10 am. 102-0 


4p.m. Autopsy. Some destruction of each lateral lobe of the cere- 
bellum. 


RaRrT. No. 16. 
Day. Time. Temperature in Rectum. 
1 2.45 p.m. Right lateral lobe of cerebellum destroyed. Ro- 


tatory movements on a longitudinal axis away 
from the injured side were immediately pro- 


duced 
3 101 
4 5 101 
7 ss 101 
12 100˙4 
2 10 a. m. 99 
7 p.m. 101 
3 10 am. 99-6 


4 p.m. Autopsy. Softening and destruction of the whole right lateral 
lobe of the cerebellum and also slightly of the middle lobe. 


Rassrr. No. 17. 
Day. Time. Temperature in Rectum. 
1 1 p-m. a knife plunged into each lateral lobe 
102˙2 
12 a 102 
2 10) am. 101 
7 p.m. 100°4 
3 10 am. 99°6 


4 p.m. Autopsy. Slight destruction in each lateral lobe of cerebellum. 
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Rassir. No. 18. 
Day Time. Temperature in Rectum. 
1 3.45 p.m. Cataract knife plunged into each lateral lobe 
of the cerebellum 
4 re 102-2 
7 102˙2 
12 * 102˙2 
2 10 am. 102˙2 
7 P. m. 102 
3 10 am. 101˙8 
4p.m. Autopsy. Destruction and softening of each lateral lobe of the 
cerebellum. 
Rannrr. No. 19. 
Day Time. Temperature in Rectum. 
1 3.30 p.m. age pein plunged into R lateral lobe ; the 


animal showed well-marked rotatory move- 
ments 
100 
Soon afterwards the animal died from profuse 
haemorrhage from the wound 


Autopsy. Right and middle lobes implicated. 


Rassit. No. 20. 
Day Time. Temperature in Rectum. 

1 3 p.m. Left lateral lobe of cerebellum damaged with 
cataract knife. Rotatory movements were 
observed 

100°4 


Autopsy. The left lateral lobe of the cerebellum was found destroyed ; 
some blood clot lay on the middle lobe. 
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Rassir. No. 21. 


Day. Time. Temperature in Rectum. 
1 4 p.m. Both lateral lobes of the cerebellum destroyed 
4.45 „ 101 
12 101 
2 10 am. 102°5 
7 p.m. 102 
3 2 am. 103 
11 102˙8 
7 p.m. 102˙8 
4 11 am. 102°6 
11 p.m. 102-2 
5 11 am. 103 


4p.m. Autopsy. Both lateral lobes of the cerebellum were destroyed. 
Rassit. No. 22. 


Day. Time. Temperature in Rectum. 
1 4 pm. 103-0 
2 2.30 „ 102°6 
3 * Cortex destroyed through trephine hole in front 
of left ear 
5.45 „ 105°6 
7.30 „ 105˙8 
3 1.15 a.m. 105-0 
10.30 „ 104-4 
4 p.m. 103˙2 
12 * 102°8 
4 11.45 a.m. 102°3 
11 p.m. 102°6 
5 10.45 a.m. 102-0 
4 p.m. Similar operation right side 
5.45 „ 104˙2 
7.30 „ 103°8 
6 10.30 a.m. 102°3 
4 p.m, 104°6 
11 104-1 
7 10 am, 102-7 


4p.m. Autopsy. Le side. A superficial destruction of the cortex a little 
way in front of the posterior border of the cerebrum and near the outer margin 
of the brain. 

R side. A superficia] destruction of the cortex rather nearer the middle 
line than on the left side and further back, close to the posterior border of 
the cerebrum. 
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Rassit. No. 23. 
7 Day Time. Temperature in Rectum. 
1 4 p.m. 102 
2 2.30 ,, 1046 
> 3 1 Cortex destroyed through trephine hole in front 
of left ear 
5.30 „ 105-6 
7.30 „ 106˙4 
3 1.15 a.m. 
10.30 „ 103˙4 
4 p.m. 103°6 
12 103°4 
4 11.45 am. 102-8 
11 pm 102°4 
5 10.45 a.m 102˙0 


4 pm. Autopsy. L side. Cortex destroyed just in front of the posterior 
border of the cerebrum about midway between the outer and inner borders. 


Rassit. No. 24. 
Day Time. Temperature in Rectum. 
1 4 p.m. 103 
2 3 1 103˙4 
3.30 „ Cortex destroyed through trephine hole in front 
of left ear 
5.30 „ 99°6 
7.30 „ 100°6 
3 1.15 a.m. 103-7 
10 103-2 
4 p.m. 103°6 
12 * 102˙7 
4 11.45 a.m. 102-9 
11 pm. 103-0 
5 10.45 a.m. 103-0 


4pm. Autopsy. L side. Cortex destroyed just in front of the posterior 
border of the cerebrum about midway between the outer and inner borders. 
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Rassit. No. 25. 
Day Time. Temperature in Rectum. 
1 3 p.m. 103°8 
2 3 1 103˙6 
3.30 „ Cortex destroyed through trephine hole in front 
of left ear 
5.30 „ 99-4 
100°7 
3 1.15 a.m. 103°8 
10.30 „ 1040 
4 p.m. 103°6 
12 102°3 
4 11.45 a.m. 102-0 
11 p.m. 102°6 
5 10.45 a.m. 101°8 


4p.m. Autopsy. L side. Cortex destroyed just in front of the posterior 
border of the cerebrum about midway between the outer and inner borders. 


Rassit. No. 26. 
Day. Time. Temperature in Rectum. 
1 4 p.m. 101-4 
2 3 4 102˙8 
3.15 „ Cortex destroyed through trephine hole in front 
of left ear 
5.45 „ 104°8 
7.30 „ 105˙2 
12 103-7 
3 10.30 a.m. 101˙9 
4. 30 p. m. 103˙7 
12 2 101˙8 
4 11 am. 103˙3 
4 p.m. 103˙2 
4.30 „ Cortex destroyed through trephine hole in front 
of right ear 
5.45 „ 104°5 
7.30 „ 105˙4 
12 105˙1 
5 11 am. 103˙8 
4 p.m. 103°8 
12 103-2 
6 11 am. 103˙3 
12 pm. 104˙3 
7 11 am. 105°8 


4p.m. Autopsy. L side. Lesion close to posterior border of cerebral 
hemisphere at its middle. 


R side. Lesion a little further forwards and to the outer side. 
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Ranmr. No. 27. 
Day. Time. Temperature in Rectum. 
1 4 pm. | 1028 
2 3 103˙2 
3.15 „ Cortex destroyed through trephine hole in front J 
of left ear 
ie 5.45 „ 1018 
1012 
2 * 102˙0 
3 10.30 a. m. 102˙2 
4.30 p. m. 103˙2 
12 102˙4 
4 11 am. 102-0 
4 p.m. 103-0 
4.30 „ Cortex destroyed through trephine hole in front 
ö of right ear 
5.45 „ 102˙8 
7.30 „ 1044 
12 1040 
5 ll am 102°6 
4 p.m, 103˙2 
12 101˙4 
6 11 am. 102˙1 
4 12 pm 101˙8 
| 7 11 am. | 1021 


4p.m. Autopsy. Symmetrical lesions on each side, the cortex super- 
ficially destroyed near the outer border of the cerebrum and rather far in 


front of its posterior border. 
Rasait. No. 28. 
Day. Time, Temperature in Rectum. 
1 4 p.m. 102-2 
2 3.30 „ 101°6 
3.45 „ Cortex destroyed through trephine hole in front 
of left ear 
5.45 „ 101°3 
7.30 „ 101°8 
12 10 102˙0 
3 10.30 a. m. 101°3 
4.30 p.m. 102-2 
12 1 101°5 
4 11 am. 101°9 
4 p.m. 102-0 
4.30, A . Superficial destruction of cortex on L side about the 


middle from side to side of the cerebrum, and just in front of its posterior 
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Rassit. No. 29. 
Day. Time. | Temperature in Rectum. 
1 4 p.m. 101˙8 
2 3.30 „ 102˙0 
3.45 „ Cortex destroyed through trephine hole iu front 
of left ear 
5.45 „ 104 
7.30 „ 104°4 
12 103-1 
3 10.30 a.m. 102˙2 
4.30 p. m. 103˙2 
12 103 
11 am. 103°6 
4.30 p.m. 103°6 
5 p.m. Autopsy. Similar lesion to that in Rabbit No. 28. 5 
Rassit. No. 30. 
Day. Time. Temperature in Rectum. 
1 4 p.m. 102 
2 3.45 „ 102˙8 
4 1 Cortex destroyed through trephine hole in front 
of left ear 
5.45 „ 100-4 
7.30 „ 102˙3 
12 a 102˙1 
3 10.30 a.m. 102°8 
4 p.m. 102°8 
12 102-0 
4 11 am. 102°4 
4.30 p.m. 102˙4 
4.45 „ Cortex destroyed through trephine hole in front 
of right ear 
5.45 „ 103°0 
7.30 „ 105˙2 
12 * 103˙4 
5 11 am. 103˙5 
4 p.m. 103˙2 
12 FA 101°8 
6 11 am. 101°6 
12 p. m. 102˙4 
7 11 am. 102˙2 


4 p. m. Autopsy. Senne superficial destruction of cortex rather 
near the outer border of the posterior part of the cerebrum and a little in 


front of its posterior border. 
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0 In the remaining experiments in this paper I had the help of 
Dr Washbourn and they refer to the same animals as he and I 
used for our experiments on the temperature of the groin published 


4 in this number of the Journal. 
Rassit. No. 31. 
| Day. Time. Temperature in Rectum. 
1 12.30 p. m. 101˙4 
2 11.30 „ 100˙8 
5 destroyed with through trephin 
10 Cortex with cau e 
hole in front of left ear 328 
| 9 101˙2 
11.30 „ 103-4 
5 10 am. 101˙8 
11.30 p. m. 103˙4 
6 12 1 102˙0 
8 11 15 101˙4 
1 rtex destroyed with cautery trephine 
| hole on left side in front of 
7.30 „ 102˙6 
| 11.15 „ 1030 
10 9 am. 102-4 
11 4.30 p. m. 101˙4 
4.45 „ Cortex destroyed with cau h trephine 
hole in front of right 
7.30 „ 102˙2 
11.30 „ 1040 
12 9.45 a.m. 102-0 
5 p.m. 102-2 
| 5.45 „ Cortex destroyed with cautery through trephine 
hole on right side in front of last 
10.15 „ 103°4 
13 10 am. 102˙8 
14 10.30 „ 1012 


Autopsy. Four superficial destructions of cortex. 

L side. One almost touched the posterior border, did not quite reach to 
the middle line nor to the outer edge of upper surface. It was circular in 
shape. Considerably anterior to this was a smaller destruction of the cortex. 

R side. There were two destructions of cortex, almost symmetrically 
placed side by side with those on the left. The two posterior lesions nearly 
corresponded in size, and so did the two anterior. 
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| Rassit. No. 32. 
| 
| Day. Time. Temperature in Rectum. 
1 6 p.m. 102-4 
4 4 9 102˙2 
5 ne Cortex destroyed with cautery through trephine 
hole in front of left ear 
9 1 102˙2 
11.45 „ 102˙2 
5 9.15 a. m. 103-0 
7 11.45 „ 102˙2 
12.15 p. m. Cortex destroyed with cautery through trephine 
hole on left side in front of last 
4.30 „ 103˙2 
10.15 „ 102˙2 
8 5 5 102-0 
9 4.30 „ 101°6 
5 1 Cortex destroyed with cautery through trephine 
hole in front of right ear 
10 103˙6 
10 10 am. 103˙0 
11 5 p.m. 101°6 
5.15 „ Cortex destroyed with cautery through trephine 
hole on right side in front of last 
8 1 102°6 
12 10 am. 103-2 


Autopsy. Four superficial destructions of cortex each about a quarter of 
an inch in diameter. On the left side, the posterior nearly touched the pos- 
terior border of the cerebrum and was centrally placed from side to side on 
the hemisphere. The anterior was a little in front of this. The lesions on 
the right side occupied almost the same position. 
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Rassit, No. 33. 
Day. Time. Témperature in Rectum. 
1 11.15 p.m 103-0 
4 12 103-2 
9 11.45 am. 101-0 8 
5.45 p. m. Cortex with cau through trephine 
9 * 102°6 
11.30 „ 102˙6 
10 12.30 am. 102°6 
12 5 p.m. at 8 
5.15 „ 8 cautery through 
side over front part of N 
8.45 „ 108-6 
11.30 „ 103°6 
15 4.30 „ 
5 os Cortex destroyed with cau through trephine 
hole on left side i in fron ye fm 
8.45 „ 1014 
11.45 „ 104˙2 
16 12.45 „ 102˙8 
20 4.45 „ 101-0 
5 5 Cortex destroyed with cautery through trephine 
hole on right side in front of ear 
9 
11.45 „ 103˙2 
21 10.45 a. m. 1010 
Autopsy. Four symmetrical lesions consisting of superficial destructions 


of cortex, all the same size end each rather smaller than in the last rabbit. 
The two posterior each almost touched the posterior border and the inner 
margin of the brain. The two anterior lesions were quite on the anterior 


part of the upper surface. 
Rassit. No. 34. 
Day. Time. Temperature in Rectum. 
1 12.45 p. m. 103˙2 
4 3.45 „ 101˙2 
: 4 9 Cortex destroyed with cautery through trephine 
holes in front of each ear 
8.45 „ 101°6 
11.45 „ 


Autopsy. Two symmetrical circular destructions of cortex each about a 
quarter of an inch across near the posterior border of the hemispheres and 
medially situated on its respective hemisphere. 
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Ranmr. No. 35. 
Day. Time. om Temperature in Rectum. 
1 12 noon 101˙4 
2 12.30 p. m. 100˙2 
OS oe A large piece of bone was taken away from the 
left side of the skull and a large area of the 
cortex of the left hemisphere destroyed with 
> the cautery 
5.45 „ 96˙8 
11.30 „ 102˙2 
6 3.15 „ 103 
3.45 „ A similar operation on the right side 
5.45 „ 100˙8 
11.45 „ 103-0 


Autopsy. On each side there was a superficial destruction of the cortex 
extending from just in front of the posterior border half way along the upper 
surface of the cerebrum. The destructions did not quite reach the middle 


line, nor did they quite extend to the lateral margin of the hemispheres. 
Rassit. No. 36. 
Day. Time. Temperature in Rectum. 
1 12 noon 101-2 
2 2 P. m. 101˙2 
2.30 „ A large piece of bone was taken away from the 
left side of the skull and the suhjacent grey 
matter was destroyed with che cautery 
6 98°6 
11.45 „ 102°4 
Autopsy. Superficial destruction of cortex over posterior half of upper 


surface of the left hemisphere not quite reaching the posterior border. 


Rassit. No. 37. 


Day. Time. Temperature in Rectum. 
1 4.40 p. m. 
5 4 A large piece of bone was taken away from the 
vertex on both sides and the subjacent grey 
matter was destroyed with the cautery 
11.45 „ 103˙4 
2 1 9 1036 
4 2 103˙8 


3 Superficial destruction of considerable area of cortex on both 
si | 
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ON THE RELATION OF THE TEMPERATURE OF 
THE GROIN TO THAT OF THE RECTUM IN THE 
RABBIT, BOTH NORMALLY AND AFTER DE- 
STRUCTION OF THE CEREBRAL CORTEX. By W. 
HALE WHITE, MD., Physician to Guy's Hospital, anv J. W. 
WASHBOURN, MD., Assistant Physician to Guy's Hospital. 


IN a previous paper! one of us has pointed out that the temperature of 
the groin of the rabbit may be observed to be higher than that of the 
rectum. We have investigated this point more fully and the results are 
shown in the tables appended. From these it will be seen that the 
temperature of one or other of the groins is invariably higher than that 
of the rectum, and nearly always both groins have a higher temperature 
than the rectum; the exceptions to this last rule are so very few that 
they may fairly be set down to errors of observation, for the temperature 
in the groin is not always easy to take. The reason why these constant 
results were not arrived at in the previous observations in which the 
thermometer was held in the groin for the same time as it had taken 
to become stationary in the rectum, is that, as we have proved in every 
observation, when the temperatures in the rectum and the groin are 
taken with the same thermometer the instrument will continue to slowly 
rise in the groin for three or four minutes after it has become stationary 
in the rectum. To record the temperature successfully in the groin the 
bulb of the thermometer should be well buried between the body and 
the thigh and these two parts must be held pressed close together for 
five minutes, even if a quickly acting thermometer is being used. 

The temperature of both groins was taken fourteen times in rabbits 
on whom no operations had been performed. The results are given in 
the tables at the end of this paper. It will be seen that the excess of 
the highest groin—if there was any difference between them—over the 
temperature of the rectum taken at the same time was as follows: 1:4, 
2-2, 2˙1, 10, 1°6, 1°0, 1°8, 0-4, 1°6, 2°2, 1°4, 2°2, and 1°4 degrees. The record 


1 This Journal, Vol. XI. No. 1. 
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of 0°4° differs so widely from the others that it was probably an error of 
observation. Granting that it was, we learn that the normal excess of 
the temperature of the groin over that of the rectum in the rabbit is 
between 10 and 2°2 degrees Fahrenheit. The extreme difference is most 
noticeable when the rectal temperature is not at the higher points of 
its normal limits (which are 101° and 103° F.), consequently we shall be 
correct if we say that the normal temperature of the groin in rabbits is 

approximately between 102'2° and 104°6° F. 

Out of the fourteen observations the temperature of the two groins 
was the same in three, that of the right groin was in excess five times 
and that of the left groin was in excess six times. In each case the 
excess varied between 0°2° and 0°6° Fahrenheit,and in each case the 
average difference between the two groins was only 0°3°. Considering 
that sometimes the temperature in the two groins is identical, that 
when it is not, sometimes one and sometimes the other has the higher 
temperature, and that the difference is so slight, we think that as the 
temperature of the groin is difficult to take with perfect accuracy, these 
variations are within the limits of errors of observation, and that the 
temperature of the two groins is in healthy rabbits identical. 

In each of these rabbits part of the cortex was destroyed. The 
effects of this upon the rectal temperature have already been recorded’, 
we will now examine the figures to see the effect upon the oo 
of the groin. 

The first point to determine will be whether unilateral operations 
on the cortex upset the equability of the temperature in the two groins. 
By destruction of the anterior part of the cortex the following results 
were obtained. After operating on the left side in rabbit 31, on the 
left side in rabbit 32, on the left side in rabbit 33, the temperature in 
the two groins was either similar or the difference was not more than, as 
we have seen, may fairly be attributed to errors of experiment. In the 
operation on the right side in each of these animals the temperature 
first taken after the operation was 0˙2, 02 and 0°6 degrees higher in the 
left groin than in the night tht about nineteen hours after the operation 
the right groin was in excess by 0°8° in No. 31, the left by 1-0° in 
No. 32 and the right by 1°4 in No. 33. 

Destruction of the posterior part gave the following results. After 
oper&ting on the right side in No. 31, on the right side in No. 32 and 
on the right side in No. 33 the temperature of the two groins was either 


1 These rabbits are the same as those having similar numbers in the preceding paper 
by W. Hale White. 
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similar or not more than we have shown may fairly be attributed to 
errors of observation. After operating on the left side in No. 31 the 
temperature was in nineteen hours one degree higher in the left groin 
than the right, in No. 32 in seven hours it was 0°8 degrees higher in the 
right than the left, in No. 33 it was in seven hours 0˙9 degrees — in 
the right than the left. 

In No. 34, in which a large area of cortex was simultaneously de- 
st royed on both sides, there was no noteworthy difference between the 
two groins, and in Nos. 35 and 36 the two groins were after the opera- 
tiou often the same in temperature and any difference that existed was 
slight. 

Considering therefore that often a unilateral operation on the cortex 
makes no difference in the temperature between the groins, that when 
it does the difference is usually no more than may fairly be due to 
errors of experiment, that in the few animals in which this difference 
has been exceeded it has only been observed once in each, that then it 
was slight and sometimes the excess was on the same side as the opera- 
tion and sometimes on the other, we conelude that operations on the 
cortex do not as a rule destroy the normal relationship between the 
temperature of the two groins and that the exceptions to this rule are 
few and slight. 

The next point to determine is whether operations on the cortex of 
the brain cause a rise of the temperature in the groin. 

The experiments on the anterior part of the cortex give the follow- 
ing results. After those performed on the left side in Rabbits Nos. 31, 
32 and 33 and on the right side in 31, the temperature never exceeded 
the normal limits of that of the groin, nor was its difference from that 
of the rectum more than normal. After that performed on the right 
side in No. 32, the temperature in the left groin once reached 104°, 
and in No. 33 it once reached 105°2° in the right groin; therefore the 
excess of normal was only attained once in each of two experiments out 
of six, and then the excess was only 0°2 and 0°6 degrees; once it was on 
the same side as the operation, once on the opposite side, and in none 
was the groin more than the normal number of degrees in excess of the 
rectum. (The excess of 3°4° noticed on the 12th day in No. 33 occurred 
too long after the operation for it to be likely to be due to it.) We may 
therefore fairly conclude that generally destructions of the front part 
of the cortex have no effect upon the temperature of the groin, and that 
if any alteration beyond the normal limits is produced it is infrequent, 
slight, and transitory. 
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Destruction of the posterior part of the cortex gives the following 
results. In Rabbit No. 32 neither the temperature in the groin nor 
the difference between it and that in the rectum exceeded the normal 
limits. Shortly after destruction of the cortex on the left side in Rabbit 
No. 31 the temperatures in the right groin were 103°4°, 105°2°, 104°4° 
and 105-4", the corresponding temperatures in the left groin were 103°6°, 
104°6°, 105°4°, 105°2°, and the corresponding differences between the 
highest groin temperature and the rectal temperature were 2˙4, 1°8, 36 
and 2°0 degrees, and the next two observations gave it as 26, and 
2°4 degrees; in Rabbit No. 33, 7 hours after the operation the right 
groin was at 105°2° and the left 104°3°, otherwise the temperature of 
the groins was normal; that of the groin was never more than 2:2° 
above that of the rectum. After destruction of the cortex posteriorly 
on the right side in No. 31, in 7 hours the temperature of the right 
groin was 104°8°, that of the left 104°2°. The groins were never more 
than 1°8 in excess of the rectum; in No. 33, observations 4 and 7 hours 
after the operation gave the right groin as 103°4° and 105°6° and the 


left 103°8° and 105°4°, with differences between the groin and rectum of 


2°6° and 2°4°, and 17 hours after 3°2°. 

Therefore out of six experiments in two no effect was produced on 
the groin temperatures by operations on the cortex, and in these two it 
is noteworthy that no marked effect was produced on the rectal tempera- 
tures. 

In the remaining four the temperature rose, the heights attained 
being 1048, 105°2, 105°4 and 105°6 degrees: in the two last that of 
both groins was raised, in the other two the rise was once on the same 
side and once on the opposite side to the operation. In two of the 
experiments the rectal temperature rose a degree or more, in the other 
two the rise was light. It is a very curious fact that in just those 
two, viz. 31 L and 33 R, in which the rectal temperature rose so little 
the groin temperatures rose considerably and was more than the normal 
number of degrees in excess of that of the rectum. We may conclude 
that destruction of the posterior part of the cortex does in some cases 
produce a rise of temperature in one or both groins, that when it only 
rises in one this rise may or may not be on the same side as the opera- 
tion ; the rise does not last long and bears no proportion to the rectal 
rise, and therefore the normal ratio between the men of the 
rectum and that of the groins may be altered. 

In Rabbits 34, 35 and 36, in each of which a large area of cortex 
was destroyed, no rise in the temperature of the groin took place. 
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Probably this is due to the shock of the operation. It has been already 
shown’ that destruction of the posterior part of the cortex is more 
likely to produce a rise of the temperature in the rectum than is destruc- 
tion of the anterior part, and these experiments show that this is 
likewise true of the temperature of the groin. 


Rassit. No. 31. 


Highest 
Rectal Excess of one excess 
Day Time temp ‘yg groin | L groin | groin over of groin Remarks 
other over 
rectum 
1 | 12.30 p.m. | 101°4 | 102°6 1028 L+°2 14 
211.30 „ | 1008 | 1028 103 L + 2 2˙2 
411 » | 1013 10341032 R 2 £221 
5 Destruction of cortex posteriorly—left side 
9 » | 1012 | 103-4 | 1036 | L+ 2 2˙4 
11.30 „ | 103-4 | 1052 | 1046 | R+ 6 18 
5 10 am. 1018 1044 | 1054) L210 3°6 
11.30 p.m. | 103-4 | 105-4 105.2 RT 2 2-0 
6 | 12 „ | 102 . 1046 104 R+ 6 2°6 
8} 11 » | 103-4 1038 L+ 4 2-4 
92.30 „ | 1026 1041 /|1038' R+ 15 
3.30 „ Destruction of cortex anteriorly left side 
7.30 „ | 102°6 | 103°6 | 103°6 10 
11.15 ,, | 103 103°6 | 103°6 | 6 i 
10; 9 a. m. 102-4 | 103°6 | 103-6 1:2 
11 | 4.30 pm. 101-4 | 103-6 103-4 R+ 2 | 22 — 
4.45 „ Destruction of cortex posteriorly right side 
7.30 „ | 102°2 | 103-8 | 1038 1-6 
11.30 „ | 104 1048 | 1042 | R+ 6 8 
12 | 9.45 a. m. 102 103°2 | 103-8 | L+ 6 18 
5 p.m. | 102-2 | 103-2 | 103-2 10 
5.45 „ Destruction of cortex anteriorly right side 
10.15 „ | 103-4 104˙2104˙4 L+ 2 10 | 
13 |} 10 a. m. 1028 | 1036 1028 R+ 8 8 
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Rassit, No. 32. 
Highest 
Rectal Excess of one] excess 
Day Time temp. R groin L groin! groin over ſof groin Remarks 
other over 
rectum 
116 p.m. 102-4 | 103-6 | 103-6 1-2 
414 » | 102-2 | 103-2 | 103 R + 2 10 
5 * Destruction of cortex posteriorly—left side 
9 » | 102-2 | 103-4 | 1036 | L ＋ 2 14 
11.45 „ | 102-2 | 1036 1028 8 14 
59.15 a. m. 103 103°6 | 103°6 6 
711.45 „ 102·8 102°8 
12.15 p.m. Destruction of cortex anteriorly left side 
4.30 „ | 103-2 | 103°6 | 103-4 RT 2 4 
10.15 „ 102˙2 | 103°2 | 103 R + 2 1-0 
8 5 „ | 102 102°6 | 1026 6 
9 4.30 , | 1016 103 1028 | R 2 1-4 
5 ‘és Destruction of cortex ꝓosteriorly right side 
10 „ | 1036 | 104-2 | 104-2 6 
10 10 a. m. 103 103°6 1036 6 
1115 p.m. | 102°8 | 1:2 
5.15 „ Destruction of cortex side 
» | 1026 10361 L+ 2 
12} 10 a. m. 103-2 | 1038 | 1048 | L+10 
Rassit. No. 33. 
Highest 
Day“ Ti Rectal n groin L. groin . 
mo 
temp. one 
rectum 
1 | 11.15 p.m. 103 | 1042 | 1046 L＋ 4 16 
14 12 „ | 103-2 | 1042 | 1038 | RT 4 1-0 
9 | 11.45 a.m. | 101 102°8 | 1022 R 6 18 
5.45 p.m. | Destruction of cortex anteriorly—left side 
9 „ | 1026 | 103-4 | 1038 | L+-4 1-2 
11.30 „ | 1026 | 104-4 | 1038 | R+6 18 
10 | 12.30 am. | 102°6 | 1042 | | RT 4 16 
12; 5 pm.| 1008 | 1042 | 1036 | RTT 6 3˙4 
5.15 „ Destruction of cortex N side 
8.45 „ | 1036 104 1046 | L+ 6 
11.30 „ | 1036 | 1052 | 1038) R+14 18 
15 430 „ | 101% | 103-2 | 103-2 16. 
5 s Destruction of cortex posteriorly—left side 
8.45 „ | 101-4 | 1032 | 103 R 2 1:8 
11.45 „ 10421 105-2 | 104·˙3] R+9 10 
16 | 12.45 „ | | 104 1046 | L+4 18 
20 | 445 „ | 101 103°6 | 2˙6 
5 4 Destruction of cortex e g side 
9 » | 101-2 | 103-4 | 1038) L+ 2°6 
11.45 103-2 | 1056 | 1054 | RT 4 2-4 
21 | 10.45 a.m.| 101 1042 | 1036 | R+°6 3°2 
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Rassit. No. 34. 
Highest 
Rectal é Excess of one excess 
Day Time temp R groin | L groin| groin over of groin Remarks 
: other over 
rectum 
1 | 12.45 p.m. 103-2 | 103-2 1036 | L+-4 4 
43.45 „ | 101-2 | 102-8 1028 1-6 
4 * Destruction of cortex posteriorly both sides 
8.45 „ 101°6 10281028 12 
„ 101°6 104 RT 2 2˙4 
Rassit. No. 35. 
Hi 
Day| Time n groin L. groi Remark 
in over 4 
rectum 
1 | 12 noon 101-4 | 103 1036 | L 6 2˙2 
212.30 p.m. | 100-2 | 101°6 1016 14 
„ Destruction of area of cortex—right side 
5.45 „ 96˙8 | 982] 986; L＋ 4 18 
11.30 „ 103-4 | | RT 2 12 
6 3.15 „ 103 | 103-4 | 103-4 4 
3.45 „ Destruction of large area of cortex left si 
5.45 „ | 100° | 101-4 | 101-4 | 6 | 
11.45 ,, | 103 103°8 | 103°8 8 
Rassir. No. 36. 
|Highest 
Rectal Excess of one 2 
Time groin u im over 0 in Remar 
temp. 
rectum 
12 noon | 101-2 | 102-4 | 1026 | L+:2 14 
2 Pp.m. 101-2 | 103-4 | 1032 | R 2 2-2 
2.30 „ Destruction of large area of cortex left side 
6 986 | 1006 | 1014 LZ 8 | 2°8 
11.45 ,, | 102°4 | 1042 | 104-2 
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ON PILO-MOTOR NERVES. By J. N. LANGLEY, MA., 
F. RS., C. S. SHERRINGTON, M.A., MB. 


Ir is well known that in some animals, when they are under the 
influence of strong emotions, the hair of particular regions of the body 
becomes erect. 

It is obvious that the movement of the hairs must be caused by 
impulses travelling from the central nervous system, but so far as we 
know no instance has been recorded in which stimulation of a nerve has 
produced any effect upon hairs. It has however been found by Jegorow' 
that in the turkey the small feathers of the side of the head assume a 
ruffled look on stimulation of the cervical sympathetic, 

Our enquiries started from independent observations made by one of 
us on the effect of stimulating the cervical sympathetic in the monkey’ 
and by the other on the effect of stimulating the lumbar sympathetic in 
the cat’. Since from the first we talked over our results together, we 
publish them in a common paper“. 

It will be convenient to have a short name for the nerve-fibres, 
stimulation of which causes contraction of the erectores pilorum. We 
shall call them ‘pilo-motor’ fibres on the analogy of vaso-motor 
fibres. 


The Monkey. 
Hairs supplied by the cervical sympathetic. 


The Rhesus monkey (Macacus rheesus), whether male or female, 
possesses on the forehead and scalp a somewhat dense crop of short hairs, 
which, in ordinary circumstances, lie nearly, but not quite, flat; the free 
ends of the slightly curved hairs being directed backwards. A similar 
coating of hair clothes the temple, the side of the face in front of the 
pinna, and the greater part of the cheek. Over the malar prominence 


1 Jegorow. Du Bois Reymond's Archiv. 1890. Suppl. p. 33. 

2 Brit. Med. Journ. March, 1891. 

3 Demonstrated to Physiol. Society, May 9, 1891. 

4 The experiments recorded here on the monkey have been made by Mr Sherrington, 
and those on the cat by Mr Langley. 
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the hair is not so thick and not sloped so obliquely, and the individual 
hairs are longer and coarser. 

On electrical stimulation of the upper end of the divided cervical ' 
sympathetic’ there ensues erection of hair on the forehead, on rather 
more than the whole of the front half of the scalp, on the temple, cheek, 
and of the upper part of the whisker. It is in these regions that 
‘bristling’ occurs when the animal is angered or surprised. 


The functions of the cervical sympathetic in the monkey are for the most 
part similar to those well known for the cervical sympathetic of the rabbit, 
cat, dog, &. Since however we are not aware of any direct observations 
recorded of the monkey the effects to be seen on electrical stimulation of that 
nerve may be given here. 

They are: dilatation of the pupil, protrusion of the eyeball, and slight 
rotation of the eyeball toward the median plane of the head, events which 
show no noteworthy point of difference from the similar changes occurring 
in the cat and dog on stimulation of the cervical sympathetic. There is also 
slight opening of the palpebral aperture, and slight paling of the pinna and 
of the nostril, but these effects are less than with many animals; there is no 
withdrawal of the third eyelid, that structure being undeveloped in Macacus. 

In addition to the above effects there are three not described for other 
animals, viz. a slight drawing backward of the pinna of the ear, so that it 
lies closer to the mastoid region, and projects less from the side of the 
head ; a change in refraction of the media of the eye as measured upon the 
vessels of the optic disc; and the erection of the hair particularly described 
in this paper. 

The erection of hairs is obtained both with weak and with strong 
tetanizing currents. It is well obtained also by weak induction shocks 
of slow rhythm; indeed, as a rule, in the experiments weak induction 
shocks were employed at the rate of two a second. When the shocks 
are too weak to be detected on the tongue, the movements of the hairs 
begin about four seconds after the commencement of the stimulation. 
The erected position of the hair can be maintained for five minutes and 
probably for much longer by keeping up the nerve-stimulation. Directly 
the stimulation is discontinued the erection of the hairs of the scalp 
begins to subside, and this holds good for both long and short duration 
of the stimulus. : 

The effect is unilateral in the sense that, although the area affected is 
not strictly limited to the median line of the scalp, yet that line is very 


1 All the experiments which are mentioned in this paper were made on anwsthetised 
animals. 
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little transgressed, usually less than a centimetre, and less in the fore- 
part of the scalp than further back behind the vertex. Generally the 
effect does not reach back so as to involve the occipital region at all. 

The pilo-motor fibres of the cervical sympathetic leave the spinal 
cord by the anterior roots of chiefly the 3rd and 4th thoracic nerves, 
slightly by the 2nd and 5th also. No effect on the hairs has been 
produced by stimulation of either the Ist or 6th thoracic nerves in 
the spinal canal. 

The converse of the above effects of stimulation may be observed to 
follow more or less immediately upon section either of the cervical 
sympathetic or of the spinal nerve-roots which are the sources of its 
fibres. The hair lies flatter than normal after section of the nerve or 
its roots. 


The effects in the monkey of section of the cervical sympathetic have not, 
we believe, been recorded and may be enumerated here, as observed in 
Macacus rheesus. 

Constriction of the pupil. 

Narrowing of the palpebral aperture, chiefly by drooping of the upper lid, 
but partly by raising of the lower, 

(Edema and slight flushing of the skin round the eye, perso round 


the outer angle and below. 

Slight injection and swelling of the caruncle at the inner canthus, and 
slight “‘ watering” of the eye. 

Projection of the pinna from the side of the head, with apparently very 
perfect retention of its motility. Slight flushing of the pinna, best seen in 
the engorgement of the veins on its posterior surface. 

Slight puckering of the skin of the muzzle. 

Flattening and smoothing of the hair in the region already referred to. 

Of these effects some last only a few hours, but some persist for a 
considerable time. 

The flattening of the hair caused by section of the sympathetic trunk 
below the superior cervical ganglion does not pass rapidly away. The 
muscles of the hairs possess a certain tonus which is lost for several 
months at least after section of the cervical sympathetic below the sup. 
ganglion. Thus in a young rhesus (5) about 2} cm. of the left cervical 
sympathetic, well below the ganglion, was excised. The little wound 
healed rapidly without any untoward event, and the animal now 
eighteen weeks after the division of the nerve is still under observation. 
The hair of the left half of the forehead and of the scalp back to behind 
the vertex lies flatter and smoother than on the right half. Just in the 
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same way that the pilo-motor effect of stimulation of the cervical 
sympathetic transgresses the median line of the scalp by passing about 
a centimetre beyond it, so the effect of the section of the nerve is not 
apparent quite up to the median line, falling a little short of it 
especially in the more posterior region of the scalp. This of course 
points to the tonus of the erectores pilorum of those hairs which are 
situate near the median line being maintained by the influence of both 
right and left sympathetic trunks, and so long as one of the two nerves 
remains intact the tonus is not seriously affected by the destruction of 
the other. Whether this is applicable to each individual hair, or is only 
true of the crop of hair as a whole, is a further question. The paralysed 
hairs are of the same length or certainly not longer than the normal 
ones of the opposite side, but the hairs of the eyebrow on the side 
corresponding to the section of the sympathetic are twice as long as those 
of the opposite eyebrow. When in the animal we are now considering 
anger or surprise is induced the hair bristles upon the forehead, whisker, 
Cc. of the right side only. This is important since it indicates that 
there are no other pilo-motor fibres to these hairs other than those 
running in the sympathetic. Erection of the hair on the scalp can 
sometimes be caused by rubbing the skin under the axilla; in the 
monkey with sected cervical sympathetic this reflex is only obtainable 
on the right side. 


In addition it mffy be mentioned that the left pinna still projects from 


the side of the head more than does the right, indeed the difference between 
the two appears as marked now as it was immediately after the section of 
the nerves, and the palpebral opening of the left side is notably smaller than 
that of the right. The left pupil is still smaller than the right, the difference 
being more marked in a dim than in a bright light, and the difference is 
quite unmistakably less now than it was at the end of the first week after 
the operation. This diminution of the effect accords with the fact that after 
section of the 2nd and 3rd thoracic roots of the right side in a Rhesus 
in which the left cervical sympathetic had been divided ten days previously 
the right pupil was observed to be little more than half the diameter of the 
left under equal moderate illumination of both. 


In Rhœsus we have never been able to detect any movement of the 
large isolated hairs, probably “tactile,” which grow on the lips, especially 
on the upper. | 

A further step was to determine whether the pilo-motor fibres in 
their course from the spinal cord to the hairs are connected with nerve- 
cells, and if so in what ganglion or ganglia. 
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To this end the nicotin method of Langley and Dickinson was 
employed’. 
Appended are details of the experiment. 


EXPERIMENT. 


Strong Macacus rhesus, young, P. Anesthesia maintained by A. C. E. 
mixture. 

Cervical sympathetic exposed on left side 5 cm. below the ganglion ; 
ligatured and cut through. 

Superior cervical ganglion exposed on left side, loose ligature placed 
under extreme upper end of ganglion. 

Induction shocks were used for excitation at the rate of twice a second. 


Greatest distance in centimetres of the secondary from the primary coil, 
at which stimulation of 


Sympathetic in neck Distal end of ganglion 
produced 
Time Krectiin of hairs | Dilation of pupil Rrestion of hairs | Dilation of ae 
2.30 30°5 30°5 30°5 30°5 | 
2.55 30°0 300 [30 
2.57 Inject 10 mgs. of nicotin (in 4 p. c. solution) into anterior tarsal vein. 
3.7 30°0 30°0 30 30 
3.17 28˙5 30. | % 29 | 
Inject 10 mgs. of nicotin into tarsal vein. 
3.27 29 No effect at 20 29 | 29 | 
Inject 10 mgs. of nicotin. 
3.37 27°5 | 13 | 27°5 | 28 | 
Inject 20 mgs. of nicotin. 
3.50 16-0 | 11 | 24-0 25 | 
Inject 20 mgs, of nicotin. 
4.7 No effect at 5 | No effect at || 22˙0 | 22 8 


No great stress is to be laid upon the details of a single experiment, but 
there is one point we may note in the above. According to Langley“ for 


1 Proc. Roy. Soc. Vol. XVI., p. 424, 1889. 
2 The nicotin used was dark coloured and so probably was of less than its nominal 


This Journ, XI. p. 144, 1890. 
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the submaxillary ganglion of the dog and cat, and Langley and Dickinson! 
for the superior cervical ganglion of the cat and rabbit, the nerve-cells of 
the ganglion in the course of nerve-fibres of different kinds, though coexisting 
in one and the same ganglion, are not all paralysed at the same time. In 
the monkey it appears from the experiment given that those cells in the 
superior cervical ganglion which belong to the pupillo-dilator nerve-fibres are 
earlier affected by doses of nicotin than are those belonging to the pilo-motor 
nerve-fibres. 


Thus, after a certain amount of nicotin had been injected, stimu- 
lation of the sympathetic in the neck had no effect on the hair, 
although stimulation of the upper end of the superior cervical ganglion 
still caused erection. The pilo-motor fibres, then, are connected with 
nerve-cells in the superior cervical ganglion. Only one experiment of the 
kind was made since the result as far as the main point was concerned 
appeared to be decisive. The inference is further borne out by the 
results of the following experiment in which degeneration of the cervical 
sympathetic was employed as a method of examination aftcr the 
manner introduced by Waller. 


EXPERIMENT. 


Mac. rhesus, young, P. Two cm. of the lower part of the left cervical 
sympathetic were excised, and ten days later, the small wound having completely 
healed in the interval, both cervical sympathetics were exposed, the left up to 
the superior ganglion. To the naked eye the left trunk appeared normal. The 
lower end of the piece above the excision had been turned upward at the 
time of the excision, and was found to be in the position in which it had 
been left; it was not imbedded in scar tissue even at its extreme end. The 
length of trunk available for stimulation below the superior ganglion was 
about 3 em. Stimulation of the right trunk gave the usual effects on skin 
with induced currents, when the secondary coil was distant 32 cm. from 
the primary. By stimulation of the left trunk no effects could be obtained 
even with the secondary at 5 cm., and although series of shocks at various 
rates were tried. But stimulation of the top of the left superior ganglion 
gave results as under : 


secondary at 12 em. from primary gave no effect on pupil, at 11 cm. good effect. 
„ „ 14 em. „ ” „ „ „ » hair, „ I3 om. „ „5 


It seems therefore that iu the monkey ten days after section of the 
sympathetic trunk in the neck, the part of the nerve above the section 
loses its excitability as far as up to the superior ganglion for hair and 


1 Proc. Roy. Soc. xuvit. p. 379, 1890. 
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pupil effects at least, but that as regards those effects the nerve at and 
beyond the ganglion is still irritable. In short the nerve-fibres for the 
hair (and pupil) degenerate up to, but not beyond, the superior cervical 
ganglion, and they are there connected with cells of the ganglion. 


That section of nerves and subsequent examination for degenerated fibres 
could be used as a general method of tracing the course of nerves, was 
first stated by Waller, in Phil. Trans. Pt. u. 1850. And Waller, partly 
in combination with Budge, showed in cats and dogs that on section of 
the cervical sympathetic, (1) the part between the place of section and the 
superior cervical ganglion alone degenerated, (2) stimulation of sympathetic 
beyond the ganglion caused dilatation of the pupil and withdrawal of the 
nictitating membrane in the normal manner. Schiff confirmed the degene- 
ration of the upper end of the cervical sympathetic after section of the nerve’. 
Waller (1853) also found that the vaso-constrictor nerves for the ear 
behaved in the same way as the dilators for the pupil. Similar facts were 
shown by Langley for the sympathetic fibres causing secretion and vaso- 
constriction in the sub-maxillary gland of the cat“, and by Bradford for the 
sympathetic secretory fibres for the sub-maxillary gland of the cat“. 


Hairs of the buttock, thigh and tail. 


In Rheesus the outer aspect of the thigh, and the buttock above the 
callosity, and also the root of the tail possess a crop of hair much longer 
than is that of the scalp. This hair is erected on stimulation of the 
lumbar sympathetic trunk in the abdomen. 

Stimulation of the lower end of the trunk after section between the 
7th lumbar and Ist sacral ganglia causes erection of hairs on the side of 
the tail for about two inches of its length, and of the hairs on the buttock 
especially above and to the outer side of the callosity, the area being 
conterminous, or very nearly so, on the thigh with the elevated skin 
which becomes flushed at the period of rut. 

Stimulation of the lower end of the nerve after section between the 
6th and 7th lumbar ganglia causes erection of the hair over an area 
corresponding with the posterior part of somewhat less than the middle 


1 Cf. Budge and Waller, Zeitsch. f. wiss. Zool. U. p. 347, 1851, and statement as to 
Priority of Discovery by Waller, Nouvelle méthode anatomique pour Vinvestigation du 
systéme nerveux, Pt. 1. étant une lettre envoyée & Vacadémie des sciences de Paris le 23 
Nov. 1851. Bonn, 1852. 


2 Arch. f. physiol. Heilkunde, 1. p. 145, 1852; cp, also Lehrbuch d. Physiol. I. p. 119, 


3 This Journal, Vol. vi. p. 87, 1885. 
This Journal, Vol. 1x. p. 302, 1888, 
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third of the outer aspect of the thigh, and is fairly coextensive with 
the area of ‘sexual’ skin. 

Stimulation of the lower end of the trunk after section between the 
5th and 6th lumbar ganglia causes erection of the hair over a strip-shaped 
area which extends from the mid-line of the back laterally across the 
ilium and downwards along the upper two-thirds of the postero-external 
aspect of the thigh. The strip is about 4 cm. wide, and at its anterior 
edge is on a level with the crista ilii. 

The pilo-motor fibres in the lower lumbar sympathetic of Rhesus 
may be traced back into the roots of the 12th thoracic, and the Ist, 2nd 
and 3rd lumbar nerves in the spinal canal. From lumbar nerve-roots 
below the 3rd no evidence of them has been obtained. 

The erection of the hairs of the buttock, thigh and tail differs from 
that of the hair of the scalp in that it persists long after cessation of 
the stimulation of the nerve. It has at present only been looked 
for in young female specimens of Rheesus, and it is possible that in 
the female and male the phenomenon may present differences. 


Cat. 


The following account is given by Darwin in The Expression of the 
Emotions, p. 128, of the mode in which terror shows itself in cats. They 
“stand at full height, and arch their backs in a well-known and 
ridiculous fashion. They spit, hiss, or growl. The hair over the whole 
body, and especially on the tail, becomes erect. In the instances 
observed by me the basal part of the tail was held upright, the terminal 
part being thrown on one side; . The ears are drawn back, and the teeth 
exposed.” 

Of these various actions, one only, viz. the erection of the hairs, is 
produced by stimulating the sympathetic. The parts of the body in 
which an erection of hairs can be produced by stimulation of the 
sympathetic are (1) a somewhat triangular area on the face between 
the eye and ear, and (2) a strip beginning on the back of the head and 
stretching over the cervical thoracic lumbar vertebre and sacral 
vertebræ, this strip extends for the most part 2 to 24 inches from the 
mid-line on either side; and lastly (3) the dorsal and lateral part of 
the tail. It is in these parts only that we find erection of hairs-in an 
angry or frightened cat. 

The sympathetic nerve-fibres which on stimulation cause a move- 
ment of hairs can be traced up to the spinal cord, they arise from 13 or 
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14 spinal nerves, viz. from the 3rd or 4th thoracic to the 3rd lumbar 
nerves inclusive. 

Of the cervical nerves the lower ones only have been stimulated 
in these experiments; no pilo-motor fibres are contained in the roots 
of the 6th, 7th or 8th cervical nerves, nor in the Ist or 2nd thoracic 
nerves: the 3rd thoracic sometimes contains and sometimes does not 
contain pilo-motor fibres for the face. No pilo-motor fibres are con- 
tained in any nerve-root below the 3rd lumbar. This we think shows 
conclusively that there are no direct spinal pilo- motor fibres, ie. no 
pilo-motor fibres leaving the spinal cord which do not run to and 
form part of the sympathetic system. The tail perhaps affords the best 
proof of this, though it can be shown for the other regions in which 
erection of hairs takes place. The lumbar sympathetic about the level 
of the 5th lumbar sympathetic ganglion is ligatured and cut; the 
2nd and 3rd sacral, the Ist, 2nd and 3rd coccygeal nerves are exposed in 
the spinal canal, ligatured and cut; on stimulation of the lower end of | 
the lumbar sympathetic, the erection of hairs in the tail is immediate 
and unmistakable; on stimulation of the nerves in the spinal canal, 
there is a sharp movement of the tail in its basal, mid or terminal 
region, according to the nerve stimulated, but no trace of erection o 
the hairs, 3 

The hairs when once erected return very slowly to their normal 
position, so that it is advisable to smooth the hairs down before each 
nerve stimulation. 


Hairs supplied by the cervical sympathetic. 

On stimulation of the cervical sympathetic, movement of hairs can 
be seen in two regions, (1) the face area already mentioned between the 
eye and ear, (2) on the back of the head and over the cervical ver- 
tebra’, 

(1) In the face area, the movement of the hairs is less than in the 
lower half of the back and in the tail. Besides the proper erection 
of the hairs, there is a contraction of the underlying platysma; in the 
posterior part of the area, the skin is drawn together in a direction 
transverse to the axis of the body, whilst in the anterior narrower part 
near the eye, the direction of contraction is more antero-posteriorly. In 
one cat, an area almost exactly corresponding to that in which erection 
of hairs occurs, formed on either side, an almost bald patch; this, it 


1 Occasionally the cervical sympathetic has little or no pilo-motor effect. 
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seemed possible, might be due to some pathological change in the 
cervical sympathetic; but no evidence could be obtained of this. 
Stimulation of the nerve produced the usual effects. 

(2) The area of the back of the head and neck: this area begins 
about in a line between the ears, laterally it does not stretch up to the 
ears, in the neck the strip broadens soon extending about two inches on 
either side of the median line. On stimulating one cervical sympathetic 
the effect is unilateral except that the median line is overpassed by 
about a centimetre. The hairs in this region also have a less range of 
movement than those of the lower half of the back and of the tail. 

Posteriorly the strip reaches nearly to the thorax ; it was a consider- 
able surprise to find this area affected by the cervical sympathetic and 
superior cervical ganglion, since this ganglion is not known to send 
fibres to the lower part of the neck. 

The pilo-motor fibres of the cervical sympathetic arise from the 4th, 
5th, 6th, 7th thoracic nerves, and sometimes also from the 3rd. The 
7th thoracic has only a slight effect; as a rule the maximum effect in 
the face area is obtained from a nerve higher than that which first gives 
the maximum effect on the neck area. 

On section of the cervical sympathetic on one side, the effects on 
the head and neck of stimulating the spinal nerve-roots on that side 
is abolished. 

Ten milligrams of nicotin injected into the jugular vein annuls for a 
time the effect of stimulating the cervical sympathetic, but does not 
annul the effect of stimulating the nerve- fibres beyond the ganglion ; i.e. 
the pilo-motor fibres end in the cells of the superior cervical ganglion. 


Nerve supply of hairs of the back and of the tail. 


Anteriorly the region we are considering is continuous with the neck 
region already spoken off. It is not clear which is the highest spinal 
nerve sending pilo-motor fibres to this region, but the highest of which 
distinct evidence was obtained is the 7ih. Below this all the nerves 
to the 3rd lumbar inclusive give off pilo-motor fibres. As has been 
said above, no nerve-root below the 3rd lumbar affects the hairs, 

Each spinal nerve causes the hairs to stand up on a considerable 
portion of skin, the strip affected is in the back about 10 centimetres 


long. Taking any two successive nerves, it is found that the strip in- 


nervated by the lower nerve begins and ends about 2 centimetres more 
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posteriorly than the upper one; thus the greater part of the innervated 
areas are common to the two nerves; and any one small spot of the 
skin is innervated from four or five spinal nerves. 

The method by which this is effected is seen on tracing the nerves 
from the spinal cord outwards. If several successive sympathetic ganglia 
are isolated except for their grey rami; ie. if the trunk of the sympa- 
thetic above and below each ganglion, and the white ramus, if it has one, 
be cut; stimulation of the portion of the sympathetic above and attached 
to the ganglion, or of the ganglion itself or of its grey ramus, causes a 
movement of hairs which is of much less extent than that caused by 
stimulating a spinal nerve. The observations on this point have been 
chiefly made with the 2nd, 3rd, 4th, 5th sympathetic lumbar ganglia ; 
each of these supplies the hairs of a small region of the back about 2 
centimetres long, these areas are successive, they overlap very little if at 
all; the areas taken together correspond fairly closely with the area 
found in other experiments to be innervated by the 12th thoracic nerve. 
The general plan of arrangement is then that each spinal nerve sends 
out fibres in four—and possibly more successive grey rami; and 
taking the spinal nerves in succession each sends fibres to one less 
grey ramus anteriorly and to one more posteriorly than the nerve 
above it. 

The erection of hairs is not equally great throughout the whole of 
the strip innervated by a spinal nerve; the maximum is usually rather 
below the mid-part of the strip; that is to say the spinal nerve sends 
less fibres to the uppermost and lowermost than to the median grey 
rami with which it is connected. 

We have spoken of a spinal nerve as sending out fibres in the grey 
rami; the nerve-cells of the ganglion are however on the course of 
these fibres. That, though easily shown for the nerves of the back, we 
will speak of in connection with the tail. 

The spinal nerves which supply nerve-fibres to the erectores pilorum of 
the tail are the 2nd and 3rd lumbar and not infrequently the Ist lumbar 
also. We have already said that the areas of the back supplied by 
successive spinal nerves largely overlap. The same is the case and to 
a greater extent with those which supply the muscles of the hairs on 
the tail. 

The Ist lumbar nerve supplies a strip, the anterior extremity of which 
is 8 to 10 centimetres above the root of the tail, the posterior extremity 


1 To determine the exact relation between each spinal nerve and the sympathetic ganglia 
requires further experiments. 
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may be at the root of the tail or it may be a short distance down the 
tail. 

The 2nd lumbar nerve supplies about 4 to % of the tail, and may 
also supply a small part of the skin of the back. 

The 3rd lumbar supplies the whole of the tail and may also supply 
the hairs for a short distance above the root of the tail. 

The hairs on the dorsal surface and on the side of the tail are 
erected on nerve stimulation; those on the ventral surface are not. It 
is interesting that in most cases stimulation of the 2nd and 3rd lumbar 
nerve on one side causes erection of hair on both sides of the tail. This 
bilateral action usually occurs also on stimulating the lower lumbar sympa- 
thetic on one side. The pilo-motor fibres for the tail run down the sym- 
pathetic chain, and become connected with nerve-cells chiefly in the Ist 
coceygeal ganglion. For whilst normally stimulation of the sympathetic 
between the 4th and 5th lumbar sympathetic ganglia causes erection of 
the hairs along the whole length of the tail; after 10 to 15 milligrams of 
nicotin have been injected into a vein, such stimulation is entirely 
ineffective ; nor does stimulation of any part of the lumbar sympathetic 
chain produce an effect, but on stimulating the 1st coccygeal ganglion 
the hairs of the tail from root to tip are erected ; and on stimulation of 
the 3rd sacral ganglion or its ramus there is some, though less, erection 
of hairs in the root half of the tail. 


Summary and Conclusion. 


The hairs of the monkey, cat, and probably of all animals in which 
horripilation occurs under the influence of strong emotion as fear or 
anger, may be erected by stimulation of nerve-fibres which issue from 
the spinal cord and pass through the sympathetic nervous system. 
These hairs have no direct spinal supply. 

The nerve-fibres which cause a movement of hairs by acting on the 
erector muscles, we call pilo-motor nerve-fibres. 

Monkey. In Macacus rhesus the pilo-motor nerve-fibres for the face 
and head issue from the spinal cord in the anterior roots of the 3rd and 
4th and to a less extent of the 2nd and 5th thoracic nerves ; they run to 
the sympathetic chain, ascend the cervical sympathetic, and become 
connected with nerve-cells in the superior cervical ganglion. 

The parts of the head affected are, the forehead, the front half of 
the scalp, the temple, the cheek and the upper part of the whisker ; on 
stimulating one sympathetic the effect is chiefly on the same side, but 
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stretches a short distance over the median line; on cessation of the 
stimulation, the hairs rapidly return to their normal position. 

On section of the cervical sympathetic, the hairs of the above 
mentioned parts lie flatter than normal, and remain so for many weeks. 
In a monkey in which the cervical sympathetic has been cut on one 
side, fear and anger cause the hairs of the normal side of the head 
only to stand up. 

Stimulation of the e sympathetic besides producing to a 
greater or less degree effects like those which are known to occur in 
other animals causes a slight drawing backwards of the pinna of the ear, 


so that it projects less from the side of the head and a change in the 


refraction of the media of the eye as measured upon the vessels of the 
optic disc. 

Pilo-motor nerve-fibres for the buttock, thigh and tail issue from the 
spinal cord in the roots of the 12th thoracic, Ist, 2nd and 3rd lumbar 
nerves; they pass into the lumbo-sacral sympathetic chain and descend it. 
They are finally distributed to the skin of the upper part of the buttock, 
the back of the thigh nearly as far as the knee, and to the root of the 
tail. Their distribution is fairly co-extensive with the area of sexual 
skin in the adult female (Macacus rhesus). 

Cat. Pilo-motor fibres leave the spinal cord to run to the sympa- 
thetic chain in each nerve from the 4th thoracic to the 3rd lumbar ; 
sometimes also from the 3rd ‘thoracic nerve. The roots of no other 
spinal nerve from the 4th lumbar downwards contain pilo-motor fibres. 

Fibres from the 3rd or 4th thoracic to the 7th thoracic nerve 
inclusive ascend in the cervical sympathetic, become connected with 
nerve-cells in the superior cervical ganglion, and supply the hairs of a 
region between the ear and eye, and of a strip of skin beginning at the 
back of the head and extending down the back of the neck. These 
fibres are either not present or are not functional in all cats. 

Pilo-motor fibres from about the 7th thoracic to the 3rd lumbar 
nerve supply the hairs of a strip of the skin of the back, and of the 
dorsal part of the tail. The strip on the back begins about the upper 
part of the thorax, stretches to the tail, and extends about 6 centi- 
metres on either side of the median line. 

Each of the thoracic spinal nerves supplies a strip of the skin of the 
back about 10 centimetres long, these strips overlap; taking any two 
successive nerves, the lower one innervates a strip the beginning and the 
end of which is about 2 centimetres posterior to the beginning and 
the end respectively of the strip innervated by the upper one. 


| 
| 
14 
1 
14 
i 
1 
| 
i} 
i} 
i} 
1 


ON PILO-MOTOR NERVES. 291 


Since stimulation of the grey rami of the 2nd, 3rd, 4th, 5th lumbar 
sympathetic ganglia causes erection of hairs in successive strips of 
about 2 centimetres only, we conclude that each spinal nerve, the 
roots of which contain pilo-motor fibres, is connected with four or five 
sympathetic ganglia and their grey rami. 

The 2nd and 3rd lumbar nerves supply pilo-motor fibres to the 
tail, the former to its basal two-thirds about, the latter to the whole; 
the 2nd lumbar nerve and possibly the 3rd supplies in addition a small 
part of the back above the root of the tail. The Ist lumbar nerve 
chiefly supplies the lower part of the back, but may also supply the 
hair over the root of the tail. 

With any two spinal nerves from the 7th thoracic to the 3rd lumbar 
inclusive, the position of the maazimum effect on the hair is more 
posterior with the lower nerve than with the upper one. 

The pilo-motor nerves for the tail are connected with nerve-cells, 
partly in the 3rd sacral, but chiefly in the Ist coccygeal ganglion. 

Stimulation of a spinal nerve or of the sympathetic chain on one 
side gives mainly unilateral effects on the back,—the hairs for about 
1 centimetre only on the opposite side being affected,—but*in the tail 
the effects are usually bilateral. 
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NOTE ON CHEYNE-STOKES BREATHING IN THE 
FROG. By C. S. SHERRINGTON, M.A.,M.B. (Plate VII.) 


THE periodic respiration associated with the names of the clinicians 
Cheyne’ and Stokes“ is a theme well worn by experiment and 
discussion; the following note excuses its existence on plea that all 
fact however trivial may possess interest when the problem involved is 
one whose bearing is fundamental and is still removed from satisfactory 
solution. 

As is well known the movements of respiration are in the frog 
two-fold. They consist for the one part of slight rapidly alternating 
retractions and protrusions of the floor of the mouth and throat with 
the nares open and the flanks motionless; and for the other part of 
less frequent and more extensive movements of the throat, which recur 


from time to time and are each of them, as Newell Martin“ has shown, 


preceded by a sinking of the flanks and accompanied by constriction of 
the nares and by the movement of the larynx particularly studied by 
Knoll. At these latter larger and less frequent respirations the air 
which has lain in the lung is periodically expelled and the residuum then 
renewed by an intake of fresh, injected through the glottis into the 
lungs by the uplifting of the muscular floor of the pharynx. The 
movement of the flank which then occurs has been shown by Langen- 
dorff* to be of a passive nature, and not due to active contraction of the 
flank muscles; and the degree of protrusion of the flank varies a good 
deal because as Wedenskii’ has pointed out the truly ventilating res- 
piratory movements of the frog often exhibit accumulative series of 
inspirations or expirations. The minor throat movements it appears 


hardly ventilate the lungs at all. 


1 Dublin Hosp. Reports, 1816. 

2 Dis. of the Heart and Aorta, Dublin, 1854. 
3 This Journal, Vol. 1. p. 181. 

* Du Bois Reymond’s Archiv, 1886. 

® Pfliiger’s Archiv, Vol. xxv. p. 129. 
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Luchsinger with Sokolow“, and almost contemporaneously Lan- 
gendorff with his pupil Siebert“, recorded the occurrence of Cheyne- 
Stokes respiration in the frog. By both Luchsinger and Langendorff 
under the head of Ch. St. phenomenon many various species of group 
respiration were included, and some of them differ little from the accu- 
mulative series of inspirations and expirations to which Wedenskii 
called attention in the normal respiration of the frog. Wedenskii 
indeed considers that the true respirations of the frog normally exhibit 
a regular periodicity. But Knoll* has been unable to find any regular 
periodicity in the breathing of the normal frog, and my own tracings 
have also failed to disclose any in summer specimens of temporaria. 

Sokolow and Luchsinger obtained no graphic registers of the 
Ch. St. movements in their frogs, but judged of the respiration by simple 
inspection, the frogs being placed on the table belly upwards. It is not 
clear to me whether they counted the small as well as the larger move- 
ments; they make no mention of the two kinds. Langendorff's 
description is devoted to the larger movements, the only truly respiratory 
as he says, but he obtained graphic records, and on tracing 4 in his plate 
there are indications of the smaller movements. In his experiments the 
phenomenon was produced by interference with the circulation in the 
medulla oblongata in various ways. In Luchsinger’s observations 
“drowning or ligation of the aorta had been the chief mode of pro- 
cedure. Knoll‘ at the close of his lengthy paper on the respiration of 
the frog remarks, “ bei enthirnten Fröschen die ventilirende Athmung 
sehr häufig nur periodisch eintritt.“ 

My own observations were on summer frogs, from which the 
hemispheres and optic thalami had been carefully removed®. In such 
animals it is noticeable, at least such is my experience, that after 
remaining one, two, or three days in quiet and removed from dis- 
turbance they exhibit very markedly a periodic respiration of the Ch. 
St. type. By the Ch. St. type I wish to express a periodicity of 
respiratory movement characterised by rhythmically recurring gradual 
increase and gradual successive decrease in the activity of the move- 
ment. It seems well to class together under the general title periodic 
respiration all forms of group respiration and to reserve the term Ch. St. 


1 Pfliiger’s Archiv, Vol. XXII. p. 283. 

2 Du Bois Reymond’s Archiv, 1881, p. 241. 

3 Wiener Sitzungsb., Vol. xi. Pt. n. p. 92. 

1 Op. cit. 

5 The animals were anewsthetised with chloroform in all cases. 
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phenomenon specially for that form distinguished by the gradual cha- 
racter of rise and fall of activity, that Cheyne and Stokes were the 
earliest to comment upon. 

In order to obtain a graphic record of the movements the frog was 
allowed in my experiments to retain the squat sitting posture it assumes 
after removal of the hemispheres and thalami, and in which it remains 
during the quiescent condition supervening. The animal was not tied 
or fastened in any way. As it sat in this so to say natural position the 
end of a cross piece fixed to the short arm of a very light and counter- 
poised lever was adjusted against the skin of the throat, over which 
cocain solution had been brushed ten minutes previously. The free end 
of the lever wrote on a surface which was moving somewhat slowly in 
the horizontal plane. The frogs were all small specimens of Temporaria, 
to appearance healthy, and kept in moisture at the ordinary temperature 
of the room in the months May, June, July. 

In the ordinary breathing of the frog the respiratory movements are 
subject to considerable variation, and often the throat oscillations and 
the true respirations possess rhythms apparently altogether independent 
one of another. It seemed of interest therefore to see whether in these 
examples of the Ch. St. breathing both kinds of the respiratory move- 
ments, the major and the minor, the non-ventilating oscillations and 
the true ventilation movements, were affected together and in a 
similar way, and whether any definite relation between the rhythm of 
the one and the rhythm of the other came into evidence under the 
phenomenon. 

Graphic records showed that, as indeed one had after simple inspec- 
tion anticipated, a mutual relation between the activity of the smaller 
and larger movements was fairly regular and obvious. The observation 
was rendered the more easy by the fact that, although, as Newell 
Martin points out, the respiration of the frog with its hemispheres 
removed is almost identical with that of the intact animal, it is in the 
former case, and especially when the optic thalami as well have been 
taken away, more regular and less liable to sudden change than when 
the cerebrum has not been injured. Tracing 1 exhibits the regular 
character of the breathing in one of the frogs 12 heurs after the hemi- 
spheres and thalami had been removed. The shorter excursions of the 
recording lever mark the small and frequent simple throat movements 
which do not truly inflate the lungs, the rarer and more ample excursions 
record the larger throat movements which inject air through the glottis 
into the lungs. As will be seen the smaller movements are all fairly 
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equal in extent; the transition from small movement to large movement 
is abrupt; the large movements occur singly, and the length of the 
interval between the single large movements is variable, but is not quite 
so variable as in the respiration of the intact animal. 

In frogs which have been left completely quiet for 30 or more hours 
after removal of hemispheres and thalami the respiration may frequently 
be found to differ from the above type in the following ways. The 
small throat movements present much the same regular frequency as 
before, but show remarkable differences in their individual extent, they 
pass through successive cycles of recurrent increase and decrease, the 
duration of a cycle ranging from less than 20” to considerably upwards 
of a minute. At the climax of the stage of decrease, the scope of the 
movement may be reduced almost to extinction, on the other hand at 
the height of the phase of increase there occurs a single typical major 
throat movement or true respiratory movement of Langendorff, which 
forms a crest or crisis to the phase. A true respiration seems never to 
occur at any point of the cycle at which the pseudo-respirations are 
small, still less at any where they are minimal; indeed not anywhere 
than at or near the pole of maximal activity of the simple throat respira- 
tions, most usually actually at the climax of them. An exception to this 
general statement exists in the single abortive expiratory pharyngeal 
movement which occasionally immediately heralds the major flank- 
throat respiration, of which example may be found in both the Tracings 
2 and 3, Pl. VII. Yet the minor movements which at the risk of 
inaccuracy may be shortly denoted the pseudo-respiratory, by gradually 
increasing do appear to lead up as it were to the single true respira- 
tory movement, and with the production of that the activity displayed 
in the smaller movement also culminates, for after it the phase of 
waning energy is entered on forthwith. 

I have said that in the normal respiration of the frog there is, as 
Newell Martin expresses it, no transition but a sudden jump from the 
simple throat respirations to the flank-throat respiration, and again a 
sudden jump back. In the Cheyne-Stokes phenomenon, as Tracing 2 
shows, the pseudo-respirations gradually deepen toward the true respira- 
tory movement. Indeed the phenomenon in so far favours the hypothesis 
advanced long since by Heinemann’ to explain the dual respirations of 
Rava; according to him one and the same respiratory centre is con- 
cerned with the two sets of movements, and is acted upon by a stimulus 
at first insufficiently strong to discharge the throat muscles powerfully 


1 Arch. f. Path. Anat. u. Physiol. Vol. XXII. 1861. 
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and the narial muscles at all, but gradually growing stronger, because 
the air in the lungs is not renewed, becomes at last productive of a 
discharge to the constrictors of the nares and is sufficiently powerful 
to cause inflation of the lungs. Heinemanu's hypothesis is thus very 
like that by which Filehne proposed to account for Cheyne-Stokes 
respiration and periodic respiration in general. But were it correct 
one would expect the normal breathing of the frog to exhibit series of 
pseudo-respirations of ascending frequency or amplitude culminating 
in one or more major or true respirations. This does not happen; in 
the normal breathing of the frog the transition is abrupt. At the same 
time the character of the above described type of breathing does 
indicate that the “true” respirations of the frog may be considered 
only the expression of a greater output of energy on the part of the 
same centre that by smaller output produces the simple throat or 
pseudo-respiratory movement. 

Together with the rhythmic access and decadence of the activity of 
the inspiratory muscles in the Cheyne-Stokes breathing of Rana it 
would seem that similar rhythmic variation of expiratory activity goes 
hand in hand. For instance in Tracing 2. At the phase of minimal acti- 
vity it must be supposed that the slight oscillations are occurring about 
an axis which represents the position of rest, the position when passive, 
of the muscles of the floor of the pharynx, subject to the amount 
of their tonus at the time. As the tracing is followed from that point 
in either direction the rauge of departure from the axis of rest be- 
comes gradually wider and wider not merely upwards but also down- 
wards, that is, not merely in the sense of elevation of the hyoid but in 
the sense of its depression as well. 

The amount of passive protrusion of the floor of the pharynx is 
undoubtedly partly dependent on the degree of distension of the lungs, 
but between the true respirations B and H the degree of distension of 
the lungs could one would think hardly vary, and, if it did so, would 
vary not as required to explain the tracings but in the direction of 
continuous increase or decrease from B to B. On the other hand it 
might be urged that the axis of rest, corresponding with the position of 
the pharyngeal floor when its elevators were not in contraction, need not 
describe a straight line on the tracings but might rise and sink giving 
an undulating base line, whence the inspiratory contractions of increasing 
and decreasing amplitude would take their rise, that is to say, the tonus 
of the inspiratory muscles might undergo rhythmic variation in the 
Ch. St. phenomenon just as does the height of the individual contractions 
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of them. This might of course be so, but if it is so the tracings must 
therefore indicate that the degree of tonus of the muscles is least when 
the activity of their individual contractions is greatest, and vice versa, and 
this although the frequency of the contractions is not obviously altered 
throughout the periods of the rhythm. This interpretation appears so 
little in harmony with other physiological experience, contractility 
usually varying directly with tonicity, that it seems only reasonable to 
take the tracings as denoting that in these frogs respiring with Cheyne- 
Stokes rhythm the inspiratory and expiratory mechanisms w. were affected 
together synchronously and in a similar sense, pointing to the causation 
of the phenomenon lying in central more probably than peripheral con- 
ditions, 

Although frogs when allowed to remain in quiet under the con- 
ditions above mentioned may for 24 hours or more continuously exhibit 
periodic breathing, it appeared constantly to be the case that after 
a little disturbance of the animal the phenomenon passed away, 
gradually subsiding into the regular type exhibited in Tracing 3. 
The Tracing 3 was obtained from the same frog which had furnished 
Tracing 2 an hour previously ; Tracing 3 was obtained from the animal 
after it had been examined for various reflexes. 

In the frogs experimented upon contraction of the pupil during the 
phase of minimal activity, as described in cases of Cheyne-Stokes 
respiration by Leube’ and others, was looked for and not detected. 

Mosso* has pointed out the approximation of the character of the 
respiratory movements in deep sleep to that of the Cheyne-Stokes 
phenomenon; the strong tendency of frogs deprived of their hemispheres 
and thalami to relapse into a type of breathing resembling that of sleep 
is suggestive as to the mental condition of the animals after that muti- 
lation. 

Aprit, 1891. 


EXPLANATION OF TRACINGS. PLATE VII. 
The three tracings read from left to right. The direction of protrusion of 


1 Berliner klinische Wochenschrift, April 1870, and Merkel, Zur Casuistik des 
Cheyne-Stokischen Phänomen,“ Deutsches Archiv f. klin, Med. vm. 424. 

2 „Sur la respiration périodique et superflue, Archiv de Biologie, vn. 48; cf. also 
„Sui rapporti della respirazione addominale e toracica,” Arch. d. Scienze Med. 1868 ; also 
Fano, ‘‘ Sui movimenti resp. del Champsa Lucius,” Lo Sperimentale, 1884; and Luciani 
Del Fenomeno di Cheyne e Stokes, Firenze, 1879, 
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the floor of the pharynx is indicated by an arrow pointing towards the letter 
E; the direction of retraction of the pharyngeal floor by an arrow pointing 
towards the letter I. 

1, Respiratory movements of a small Rana temporaria twelve hours after 
removal of the cerebral hemispheres and optic thalami. Temp. of room 17°5° 
Cent. Time marker = 5”. 


2. Respiratory movements of a small Rana temporaria under conditions 


described in text. Temp. of room 18° Cent. Time marker 10”. 


3. Respiratory movements of the same animal that furnished Trace 2 but 
an hour later under conditions mentioned in the text. Temp. and time 
marker the same. 
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FURTHER OBSERVATIONS ON THE SPECIFIC GRA- 
VITY OF THE BLOOD IN HEALTH AND DISEASE’. 
By E LLOYD JONES, B.A., M.B. Demonstrator of Patholog 
in the University of Cambridge. (From the Cambridge Pathological 
Laboratory.) (Pl. VIII—XD. 


INTRODUCTION. 


THE exact measurement of the specific gravity of the blood at the 
bedside constitutes an important addition to the means at our disposal 
for investigating the condition of the patient. By such measurements 
information may be obtained which, as I trust will be shown in the 
following pages, may give. important aid for diagnosis, as well as for 


. prognosis and treatment. 


Before however the full advantage of being able to ascertain with 
exactitude the sp. gr. of the blood at the bedside can be obtained, it 
appeared to me essential to learn as much as possible regarding the 
variations to which the sp. gr. of the blood is liable in health, as a 
result of variations in the age, sex, individual constitution, occupation, 
diet, etc. ete., and I have consequently spent much time over this 
subject, having continued to measure the sp. gr. of the blood of healthy 
individuals as frequently as opportunity of doing so presented itself 
during the last five or six years. 

Although there are many points which appear to me of interest 
and also of some practical importance still left for investigation, yet 
I feel that my observations have sufficiently accumulated to make it 
desirable for me to publish the results. With regard to the variations 
of the sp. gr. of the blood in various diseases my observations have been 
necessarily far from complete; and with regard to some diseases only 
has it been possible for me to make a number of observations sufficient 
to justify me in drawing satisfactory conclusions. 


1 Towards the expenses of this research a grant was made by the Scientific Grants 
Committee of the British Medical Association, 
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In a preliminary paper’ published in 1886 I gave an account of 
observations which served as a rough indication of some of the in- 
fluences prone to affect the sp. gr. of the blood in health. 


METHOD. 


The method which I have employed is similar in principle to that 
first described by Prof. Roy“, but I have modified it in certain 
particulars which I think are of importance in giving accuracy to the 
results obtained by its use. 

The apparatus I have been using consists of a number (20—25) of 
small glass bottles contained in a case convenient for transport. These 
are filled with standard solutions of glycerin and water, each being of a 
different sp. gr., the series ranging from 1027 to 1075. The case also 
contains a number of fine glass pipettes drawn out to a point and bent 
to a right angle near the extremity, a piece of caoutchouc tubing, a 
small cylindrical glass vessel capable of holding about one fluid drachm, 
and a few sharp, clean, suture needles. 

In examining the blood of an individual the following is the mode 
of procedure adopted: 

A very short experience enables one by a glance at the patient to 
guess more or less correctly what the sp. gr. of his or her blood will be 
found to be. A portion of one of the standard solutions of a sp. gr. 
similar to that which the blood is expected to shew, is then poured 
into the glass vessel. The finger is then pricked with one of the 
needles, on the dorsal aspect close to the root of the nail, and the 
blood which escapes of itself or after the finger has been rapidly 
squeezed is drawn up by suction with the mouth into the capillary 
pipette, and in this is conveyed to the standard solution previously 
poured into the glass vessel. By gently blowing through the tube, 
the blood is expelled from the horizontal limb, and will be seen either 
to pursue a horizontal direction, to rise or to sink. In the first case 
the sp. gr. of the blood is the same as that of the standard solution 
selected, and what is required is done; but if it should rise, the 
vessel must be filled with another solution and the operation be 
repeated, several times if necessary, until either a solution is found in 
which the blood neither rises nor sinks, or until two solutions are found 
differing by 1 or 2 degrees in one of which it rises and in the other of 


Journ. of Phys. Vol. vm. On the variations of the specific gravity of the blood in 
health.” See also St Bartholomew's Hosp. Rep., 1888. 


Journ. of Phys. Proceedings of the Physiological Soc, Mar. 1884, 


* 
* 
| 
t * 


SPECIFIC GRAVITY OF BLOOD. 301 


which it sinks. In the last case the sp. gr. of the blood is of course 
between the two. Similarly, if the blood should sink in the solution 
first chosen, the operation is repeated with a heavier solution until one 
is found in which it neither sinks nor rises, or until two solutions are 
found differing by 1 or 2 degrees in one of which it rises and in the 
other of which it sinks. 

It might be expected that variations of the temperature of the 
standard solutions would affect the accuracy of the measurements. 
This source of possible error I have controlled by varying within wide 
limits the temperature of the standard fluids, and trying how far this 
affected the accuracy of measurements made by this method. I found 
that no appreciable alteration in the measurements was thereby pro- 
duced, apparently because the small column of fluid in the pipette very 
rapidly assumes the same temperature as that of the solution in which 
it is placed. 

It is essential, however, that the standard solutions should be 
carefully made’, so that they are really of the specific gravities required. 
If this be done, one can by having a sufficient number at hand learn 
the sp. gr. of a specimen of blood to within one-third of a degree. It is 
unnecessary to seek to obtain this degree of accuracy in most cases, but 
in my own observations the limit of possible error is, I have reason to 
believe, not more than half a degree. 

The solutions ‘keep’ extremely well. In October 1885 I began to 
use mercuric chloride as an antiseptic. I have however employed 
sodium silico-fluoride for some years in place of mercuric chloride, as 
the latter salt is under certain conditions apt to decompose the glycerin. 
Sodium silico-fluoride I have elsewhere shown“ to be an inefficient 
antiseptic in alkaline solutions, but provided the solutions are neutral 
or slightly acid I find it a convenient and efficient antiseptic. 

I always keep my solutions in narrow-necked bottles with india- 
rubber stoppers. During the last few years, however, I have made so 
many observations that my stock bottles have generally needed refilling 
about once a month. 

The method is extremely rapid. Several years ago, for instance, 
I measured the sp. gr. of the blood of sixty soldiers in an hour and a 
half; and recently I have measured that of 49 girls in 50 minutes on 


1 I always make the solutions myself with specially constructed hydrometers, and 
these are examined at Kew every few months to insure accuracy. In making solutions it 
is necessary to keep all the apparatus at exactly 60° F. 

2 Brit. Med. Journ. 1890, 
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one occasion: and 41 in 38 minutes on another: in the last case less 
than a minute being taken for each observation. : 

The following precautions must be observed in making the measure- 
ments: 

I. The blood must be taken from the finger without the applica- 
tion of any ligature, and either without squeezing, or only very rapidly 
squeezing it. 

II. As the sp. gr. of the blood varies in different parts of the body, 
it is best to take the blood habitually from the same part, the finger 
being the most convenient: but it may be taken from a toe, or from 
one of the vessels in front of the elbow-joint, the sp. gr. of the blood 
taken from all of these being the same. If for special reasons it be 
taken from any other part than those just mentioned, allowance must be 
made for the difference between the sp. gr. of blood from the finger and 
that normally observed in the part selected. 

III. The needle employed should be very sharp: a flat or tri- 
angular suture needle is I find the best for the purpose, a short one 
creating little alarm in the mind of the patient. A sewing-needle 
should not be used. I never use one needle for making more than 
thirty or forty punctures: and always carry several about with me. It 
may seem a matter of small importance, but if pain be caused by using 
a blunt needle the patient will not so readily submit to a repetition of 
the observation as will otherwise be the case. 

IV. In certain cases where there is oedema or in others in which 
there appears to be a very large amount of lymph in the tissues within 
physiological limits, it is necessary to allow this lymph to escape first 
of all through the puncture by gently pressing on the part: taking for 
the observation the last portion of blood which flows from the slight 
wound. In cases where there is great oedema it may be necessary to 
take the blood directly from a vessel in the arm. This may be done by 
introducing a carefully sterilized hypodermic needle into one of the 
veins around the elbow-joint. 

V. As I stated in my first paper, the puncture must be made 
fairly freely, both to secure a large drop of blood and to prevent the 
necessity of having recourse to a second puncture. 

VI. The capillary pipettes must neither be too small in calibre or 
the stream of blood being small in volume will not rise nor fall suffi- 
ciently rapidly: nor too large in calibre, in which case the removal of a 
superfluous amount of blood is necessitated. I usually find about half 
a drop sufficient for the purpose. 
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VII. It is unnecessary to cause any pain in doing what has been 
described, the skin at the root of the nail being comparatively insen- 
sitive. If however the finger be flexed to secure a flow of blood—a 
procedure which I have seen adopted by others—it is easy to produce 
great pain. I have taken the sp. gr. of patients during sleep without 
their being awakened ; and of small children without their giving any 
sign of disapproval. 

If the foregoing precautions be taken, I believe that the sources of 
error involved in the method are so extremely small that they may be 
neglected. 

I. The Variations in Health: 
(a) In different parts of Body. 


The following examples shew the degree of variation of the sp. gr. 
of the blood obtained from different parts of the body. 


1. Healthy man. 
Left ear. Back of neck. Right ear. 
1060°5 1062 1058 
Left forearm (outer side). | Right forearm (outer side). 
1062 1062 
Left mid. finger. Right mid. finger. 
1060 1058 
Back of left leg. Back of right leg. 
1063 1062 
A (left) toe. A (right) toe. 
1080 1059 


2. Boy. aet. 16. Sp. gr. the same with blood taken from finger and 
blood drawn from median basilic vein on the same side. 


3. The blood taken from a finger was the same as that taken from the 
median basilic vein in a case of renal disease without oedema. 
4. Boy. aet.4 mos. Finger 1045. Shin 1052. Toes 1045. 
5. Boy’. aet. 3, who had been lying in bed for three months. 
Finger 1049. Shin 1052°9. 


6. Man'. Evening. Morning. 2nd morning. 
Finger 1060-5 1061-5 1056°6 
Shin 1064°5 1064°7 1062-2 
Toe 1060°5 1061°5 1056°6 


From the results of many observations like those quoted above, I 


1 These figures were given in another connection in my paper in the Journ. of Phys. 
Vol. . p. 18. 
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have found that as a rule the sp. gr. of the blood taken from the 
capillaries in the different parts of the body bear the same relation to 
each other: it is, for instance, always higher in the shin than over the 
root of the finger. Moreover, the difference between the sp. gr. of the 
blood taken from the finger and the shin is practically always 3 or 4 
degrees. Such being the case, it is allowable to take the blood from 
another part of the body than the finger, and to make a suitable 
correction. 

The situations in which the blood sp. gr. is highest, e.g. nape, legs 
and arms, are characterized by a reluctance to bleed and venosity of the 
blood obtained. 

The parts in which the sp. gr. is lowest, viz. the fingers and toes, are 
characterized by relative readiness to bleed and relative redness of the 
blood contained. 

In fact the sp. gr. appears to be high where the circulation is slow 
and low where the circulation is rapid, and we may therefore conclude 
that differences in the freedom of the blood-flow through the various 
parts of the body cause variations in the sp. gr. of the blood taken by 


puncture from their capillaries. 


This will be more conclusively proved when I come to speak of the 
effect on the sp. gr. of the blood of active and passive congestion. 

Other things being equal however, the blood sp. gr. in each part 
of the body bears a definite relation to the blood sp. gr. in 
every other part of the body. Conditions which increase the 
sp. gr. of the blood as a whole (see exp. 6 above) change the sp. 
gr. proportionately in all parts. 


(6) Two Sides of Body. 


On taking a large number of observations upon healthy people, I 
found that the sp. gr. is usually the same or nearly so on cor- 
responding parts of the body. Exceptions to this are not, however, 
very uncommon, one instance being given above (exp. 1). They appear 
to be due to differences in the rapidity of blood-flow through the parts 
in which the blood is taken. The application of cold will cause the sp. 
gr. of the blood in a finger to rise, while the finger bleeds less readily : 
the application of warmth promotes a free flow of the blood; while wag 
sp. gr. of the blood so obtained is lower. 

In fact these changes like those normally observed between the 
blood taken from different parts of the body appear to be due to phy- 
siological variations in the blood-supply of the part. | 
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(e) Active and Passive Congestion. — 


Manipulation of the rabbit’s ear will sometimes cause a constriction 
of its vessels followed by a marked blushing. I sought to determine 
what changes in sp. gr. the blood underwent under these conditions. 
The greatest difficulty was presented by the fact that the pale ear 
bleeds with extreme difficulty. 

The following were some of the results obtained: 


Animal. Condition of ear. Sp. gr. 
Rabbit i pale 1058-5 
Rabbit i blushing 1056 
Rabbit ii pale 1052 
Rabbit ii blushing 1050 
Rabbit iii pale 1050 
Rabbit ii blushing 1049˙5 
Rabbit iv pale 1054 
Rabbit iv blushing 1052 


Active congestion within physiological limits appears therefore to 
be accompanied by a lowering of the blood sp. gr. in the part. When 
the vessels are in a state of contraction the sp. gr. is higher. 

Passive congestion may be conveniently produced by ligaturing a 
finger fairly tightly for different periods, and as I showed in my former 
paper, the sp. gr. of the blood in its capillaries may thereby be raised 
sometimes as much as 5° or 6°. This forms a good experiment for class 
demonstration. 

From the facts above stated it may be concluded that active 
congestion lowers the sp. gr. of the blood in the capillaries of 
the part concerned, and that passive cougestion raises the sp. 
gr. of the blood in the vessels. 

It may reasonably, I think, be assumed that these opposite effects 
of active and passive congestion on the sp. gr. of the blood are due 
to differences in the amount of the blood plasma which escapes from 
the vessels in the two conditions. It appears to me of importance to 
note that in active congestion of a part there is a diminution in the 
degree of thickening which the blood in the capillaries undergoes, 
owing to the transudation of the plasma through their walls, and that 
the opposite effect results from passive congestion, although in both 
cases the absolute amount of plasma which transudes is increased. 


1 I am indebted to Prof. Roy for the opportunity of making these measurements. 
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(d) Man as compared with animals. 


My attention was directed to this subject by reading a paper upon 
the sp. gr. of blood by John Davy’. 

He concluded that the sp. gr. would be highest in birds, that the 
mammalian blood would have a lower sp. gr., and that reptiles would 
have a still lower sp. gr. It is curious to note that he only gives the 
result of one observation upon the blood of a turkey, and although the 
sp. gr. (1061) was the same as that of venous blood he took from an ox, 
and lower than I have frequently found in healthy men, he concluded 
that the sp. gr. of the blood in birds was the highest, doing so mainly 

| from theoretical considerations. The subject did not appear to me of 
| much importance and I have therefore only made a few observations upon 
the blood of other animals than man. Some of these are given below: 


Blackbird—cock 1066 
Blackbird—hen 1062 
Sparrow—cock 1073 
„ —cock 1075 
„ —hen 10635 


Hedge-sparrow 1059 
1068 
Frocs: Winter. 

1045, 1047-2, 1038, 1036, 1043, 1038, 1034, 1040, 1037, 1042, 
1040, 1040, 1053, 1038. 


These observations show that the blood of birds is normally 
considerably higher than that of man: while the blood of frogs 
is a good deal lower. It may be presumed that the high sp. gr. of the 
blood of birds will be of advantage owing to the relative diminution of 
the water as compared with the nutritive constituents; so that in this 
way the weight to be carried by the bird is less than would be the case 
were the sp. gr. as low as that of mammals or still more of amphibians. 


(e) Influence of Age and Sex. 


In my first paper I gave a curve which was constructed from 
measurements made upon 362 healthy individuals, and which showed a 


1 Researches Anatomical and Physiological. By John Davy, M.D., F. R. S. London, 
1839. 
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marked difference between the sp. gr. of the blood in the two sexes, 
and in each sex at different ages. 

Since then I have taken the sp. gr. of the blood of about 1166 
healthy individuals of all ages. 

In plates VIII. and IX. each observation is represented by a black 
spot on a white ground: the abscisse denoting ages—the ordinates 
denoting the sp. gr. of the blood. 

Plate VIII. represents graphically the results of observations made 
upon males of all ages; Plate IX. those made upon females. 

By drawing a line above and below the extremest outlying dots 
one is able to represent the greatest limits of variation in the sp. gr. of 
the blood: and thus on the same charts lines are drawn which repre- 
sent fairly accurately the greatest range of variation in healthy per- 
sons. 
Plate X. fig. I, exhibits the curves obtained by taking the same mean 
sp. gr. at various periods of life. I had hoped by making a larger 
number of observations to be enabled to find the mean sp. gr. of the 
blood at each year of life from birth onward, but this I have not so 
far been able to do as subjects are with difficulty procured at certain 


At certain periods of life my figures are comparatively scanty, and 
therefore I have in taking the mean, added together the results of 
observations on persons within certain ages, say 60—70, and taken the 
mean of these, marking the result down at an intermediate point—say 
at 65. In all cases where this expedient has been resorted to it has 
been stated on the chart. 

On looking at Plates VIII. and IX. it will be seen that the greatest 
variation in sp. gr. is met with during the first year of life. This is due 
to the fact that the blood of the new-born child has a remarkably high 
sp. gr., which falls very rapidly to an exceedingly low point during the 
first six months of life. 

As I have been unable to persuade many mothers to allow me to 
“experiment” upon their babies I have but few observations upon 
young children, and I have therefore not thought it desirable to take a 
mean sp. gr. during the first two years of life. In fact by taking a 
mean for the first year, one obscures the most important result of the 
observations by disguising the high sp. gr. and the rapid fall during 
the subsequent few months. On referring therefore to Plate X. fig. 1, 
it will be seen that the lines of variation of the mean sp. gr. in each sex 


begin at 2—3 years of age. 
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These three charts show the following facts :— 

There is a very high sp. gr. at birth in both sexes (Plates VIII. and 
IX.): followed by a rapid and marked fall, so that the blood sp. gr. 
during the latter part of the first and few subsequent years is very low. 
During the first year of life the blood sp. gr. in males falls from its 
highest to its lowest limit. 

Looking at Plates VIII. and IX. it will be seen that in both sexes the 
broad band of dots rises from the first few years to about the period 
of puberty, but never reaches the point it attained at birth. 

In middle age it remains fairly constant, and there is a sweeping 
downward of the band in old age in both sexes, and especially in aged 
males. 

Perhaps the most striking feature in the two plates is the remark- 
able broadening out of the band of dots in females from 13—25. 

The upper limit is still rising or is fairly constant, and yet the 
lower limit suddenly drops to a degree which it is difficult to account 
for except by supposing thet these aberrant persons were anaemic. 
This fact is the more interesting as I find that anaemia in young 
women is closely related to this fall of the blood sp. gr. in apparently 
healthy individuals. Of this subject however I shall speak again when 
dealing with the subject of anaemia in young women. 

Turning to Plate X. fig. 1, we see the variations of the mean sp. gr. 
in the two sexes at different ages after the first year. 

In males the sp. gr. is about 1066 at birth: it is about 1050 in 
children of about 2—3 years old—from which point it rises to about 
1058 at 17 years of age, after 17 years it remains about 1058 during 
middle life, but falls in aged men. 

On comparing the mean in females with that in males one finds 
the sp. gr. to be about the same in both sexes at birth and during the 
first 14 years of life, but after the 15th year the sp. gr. falls in the 
female, while that in the male continues to rise for two years later; it 
remains low in females until 25 years of age, when it rises to 1055 or 
1056. The most marked change afterwards in the curve from females 
is at the climacteric, when the sp. gr. is found higher than during the 
period 15—54 (1057). There is a less marked fall in aged females 
than in aged males; in fact at 54 years of age the two lines are close 
together, and they cross in my curves at 68 years of age. It would be 
interesting to know if the condition of blood in old women bears any 
relation to their greater longevity. 

If we compare these curves with those which have been constructed 
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by others to show the variations in the proportion of haemoglobin 
present in the blood it will be found that they agree with one another 
to a very remarkable extent. This can be seen in Plate X. fig. 2, in 
which the continuous line on the chart gives the mean sp. gr. of the 
blood in males at different ages, while the interrupted line is a repro- 
duction of one constructed by Leichtenstern' to show the variation 
of the amount of haemoglobin with age and which was based upon 
observations upon 191 individuals. 

I have followed Leichtenstern in making the abscisse of this 
curve unequal in value, so that the first days, weeks and years take 
up a disproportionately large part of the chart. This arrangement is 
a little confusing at first but has the advantage of showing clearly 
the continuous descent of the curve during the first six months of 
life. It can be seen that the two curves run very well together 
during the fall of the first six months and the rise which succeeds it 
until about the age of forty years, the parts of the two curves which 
correspond to the ages higher than this show differences, which how- 
ever I am inclined to ascribe entirely to the comparatively small 
number of observations which have been made both by Leichtenstern 
and myself at these ages. 

The fact that these curves correspond so nearly points to the 
conclusion that the variations of the sp. gr. with age and sex are 
closely related to variations in the am ount of haemoglobin. 

The question naturally arises whether the sp. gr. of a sample of 
blood be any index of the number of red corpuscles which it con- 
tains. 

Gamgee’ states that “in health the amount of haemoglobin appears 
to be proportional to the number of corpuscles.” 

My own observations confirm this view, for in those conditions in 
which others have described changes in the matter of red corpuscles 
I have generally found similar changes in the sp. gr.: and on enumer- 
‘ating the corpuscles in healthy persons there is generally a correspon- 
dence between the two. This is however not always the case, as the 


following figures show: 


1 Leichtenstern. ‘ Ueber d. himoglobulingehalt des blutes.“ Leipsic, 1878. 
2 A Tezxt-book of the Physiological Chem. of the Animal Body. By A. Gamgee, M.D. 
F. R. S. London, 1880, p. 140. 
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Individual (A). 


Red corpuscles. Sp. gr 
5,300,000 1058 
5,450,000 1058 
4,840,000 1058 
5,100,000 1058 
5,130,000 1058 
5,450,000 1058 * 
5,540,000 1058.5 
5,230,000 1058°5 
5,810,000 1060 
5,630,000 1060 


The enumerations in this case were carefully made by myself, 
fifty squares of the haemacytometer having always been counted. It 
can be seen that the number of corpuscles was higher when the sp. gr. 
of my blood was 1060, than when it was 1058. The want of close 
correspondence may possibly be due to the sources of error involved 
in the method of enumeration, but my observations lead me to the 
conclusion that the sp. gr. of the blood corresponds more closely to 
the amount of haemoglobin present than to the number of red cor- 
puscles, 


(f) In Different Types of Healthy People and Persons of 


By the aspect of a healthy person one is enabled after a little 
practice to forecast fairly accurately what the sp. gr. of his or her 
blood will be found on measurement to be. 

I found it rather difficult to detect what the differences in appear- 
ance actually are which enable one to do this, but I am now able to 
give the facts which I have gradually been able to collect on the subject. 
In the first place I found at an early stage of my work that there 
are very considerable differences in the sp. gr. of the blood in different 
individuals of the same age and sex. These differences are in part due 
to the fact that in certain classes of persons the sp. gr. of the blood is 
far more prone to change from day to day than in others with whom 
the sp. gr. of the blood is almost constant. As illustrations of this I 
give two charts showing the daily variations of the sp. gr. of the blood 
of two individuals who are good examples of these two types of persons, 
and which are typical parts of curves extending over several months in 
each case. 

The curve of Plate X. fig. 3 B, shows that the sp. gr. in the case of 
this man was peculiarly prone to vary and within comparatively wide 
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limits from 1056 to 1066 — the utmost limits comprising ten degrees. 
In the other case the sp. gr. (Plate X. fig. 34) varies within much 
narrower limits, the extremes comprising only two degrees. 

It may be noted also that the extreme limits of upward and down- 
ward variation in fig. 3B are seen to occur not infrequently on the 
same day. The great changes in the case of fig. 3B are not due to 
any of the purely local causes of variation of the sp. gr. of the blood 
which have already been referred to. 

The persons who have a very variable sp. gr. of the blood, similar to 
the person from whom fig. 3B is taken, are I find generally of a 
nervous temperament, while those whose blood is of a more stable 
sp. gr. belong more frequently to the lymphatic temperament: but 
further observations upon the connections between temperament and 
blood sp. gr. than I have so far been able to make are still wanting. 

Becquerel and Rodier“ state that Lecanu“ found the globules 
most abundant in persons of the sanguine temperament. 

They quote Michel Levy“ to the effect that the sanguine consti- 
tution “is due to an excess of globules in the blood, and the lymphatic 
temperament to a diminution of this number:” but they held the 
opinion that the diminution of the number of globules in persons of the 
lymphatic temperament was not characteristic of the constitution. 
“Diminution des globules, c'est l’anémie.” Anaemia can develop in 
them more readily, they say, than in other persons “ because they have 
less vitality.” This position appears to me untenable. 

Having found that certain types of persons had a blood sp. gr. 
which was changeable, I endeavoured to look for other external appear- 
ances, by which one was enabled to guess the blood sp. gr. by a glance, 
and I have been able so far to collect a few statistics upon several 
points. 

Before commencing to take these statistics I had observed that 
persons with light eyes, hair and complexion, generally had a lower 
blood sp. gr.: while persons with dark eyes, hair and complexion, 
generally had higher blood sp. gr. Further, I had found that a deep 
red colour of the ears and lips, although often associated with a pale 
face, was another indication of a high sp. gr. 

Taking the blood sp. gr. of 32 students chosen at random as far 
as possible every week for some months I procured a fair idea of the 


1 Becquerel et Rodier—Traité de chimie pathologique. Paris, 1854. p. 93. 
2 „Nouvelles recherches sur le sang. HJournal de Pharmacie. T. xvu. Num. . x. 
3 I have not been able to verify this reference. 
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mean blood sp. gr. in each individual, and on referring to the results 
it will be seen that those who are placed at the top of the list as 
having a relatively low blood sp. gr. had much more frequently 
light eyes than dark eyes: while the persons having dark eyes 
are found among those at the bottom of the list who have a 
higher blood sp. gr. 

The results are given below, together with the number of observa- 
| tions made upon each person: and I have also added the results of 
fifty single observations upon Cambridge Undergraduates, also chosen 
at random. It may be presumed that Table I. is more trustworthy than 
Table II., which was made from single measurements. 


Tasie I. 
Hair Eyes Complexion 
Name — Sp. gr. Obs. 

O. X X X 1055 2 

| L. X X X 1055-6 7 

H. 5 X X 1056˙3 21 
N. X X X 1056˙7 17 
W. X X X 10571 17 
8. X X X 1057-2 22 
D. X X X 1057-4 16 
A. x X X 1057 11 
H. X X X 1057°8 12 
O. X — X 1057˙8 10 
O. X 1057-9 12 
C. X X 1057-9 7 
8. X X 10581 6 
8. X X X 1058-2 9 
P. X X X 1058°3 13 
X X 1058°9 11 
P. X X X 1058-9 20 
H. X X X 1059 26 
O. X X 1059-1 7 
3 A X X X 1059-3 4 
8. X X X 1059-4 12 
J. x X 1059°4 41 
M. X X X 11059 •5 3 
M. X X 1059˙5 4 
I. X X X 110597 11 
E. X X X 10599 200 or 300 
J. X X X | 1060 1 
8. a X X 1060˙2 4 
K. X X X 1 1060-3 5 
X X X 1061 1 
H. X X X 1061˙1 5 
H. X X X f 1061˙8 10 
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Taste II. UNDERGRADUATES. 


Series I. (Eyes light.) Series II. (Eyes dark.) 
Age | Eyes | Hair — Sp. gr. | Age | Eyes Hair > al Sp. gr. 
18 l m f 1055-5 19 d d d 1054 
19 1 m m 1055˙8 19 d d d | 1058 
20 l m m 1056 21 d d d 1058 
20 1 1 f 1056 18 d | md f | 1058 
23 1 1 1 1056 22 d 1 f 1058˙5 
18 l m f 1057 20 d d d 1059 
19 1 | f 1057°5 18 d d d 1059 
23 1 N 1057˙5 204 d d 1059°5 
23 d m 1057·˙5 21 d d m 1059 ·5 
28 ] d d 1058˙2 21 d d d 1060 
21 1 ] f 1058-5 21 d m m 1060 
23 ] l f 1058°9 20 d m m 1060 
21 1 m m 1059 20 | d d d 1060 
20 ] m f 1059 19 d m m 1060 
21 l 1 f 1062 22 d d d 1062 
20 d d m 1062 
20 d m m 1062-7 
18 d m m 1064°5 
Mean age 21. Mean age 19-9 
Mean sp. gr. 1057°5 Mean sp. gr. 1059-8 


It will be seen from these tables that in the first series that of the 
students all those who had a sp. gr. of 10589 or below had either 
light or medium eyes, while all those who had a sp. gr. of over 1058°9 
had dark or medium eyes—it will be seen, moreover, that the colour 
of the hair and of the complexion varied in most cases with the colour 
of the eyes. 

In the cases of the Cambridge men I only made one observation 
upon each individual. I have shown previously that the sp. gr. of the 
blood varies in each individual at different times, the limits of vari- 
ation comprising from 3 to 10 degrees, and to eliminate this source of 
error it is advisable to repeat the observations as I did in the first 
series or to take a very large number. I am continuing the measure- 
ments upon undergraduates and the results will be published in due 
course. 

In the tables given I have arranged them into two groups according 
to the colour of the iris, whether distinctly light or dark, the medium 
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ones being omitted. Out of 55 undergraduates 15 had undeniably 
light eyes, and these had a mean age of 21 and a mean sp. gr. of 
1057°5. Eighteen had dark eyes, and these had a mean age of 19°9 


years and a mean blood sp. gr. of 10598. The rest had medium 


coloured eyes. 

As the light eyed undergraduates had a higher mean age than the 
dark eyed ones, it is clear that the difference in sp. gr. is not due to 
different mean ages of the two groups, for one would rather expect a 
higher sp. gr. in the series of older men, instead of finding a lower one, 
which was the case. 

The relation between the colour of the hair and iris and the sp. gr. 
of the blood appears to me to point to some interesting conclusions. 
It occurred to me that in a mixed race, such as we find in Great 
Britain, the constancy with which certain conditions of blood appear 
to be associated with certain types of colour of the hair and iris 
pointed to a possible interpretation of the cause of this difference— 
namely, that this is at bottom a racial difference. This view receives 
some support from the facts that the colour of the hair and iris are 
found to vary throughout Britain’ in such a manner that the larger 
proportion of blond persons occurs in the Eastern counties; towards 
the West generally speaking the proportion is lower. In certain parts 
of the extreme West of England, Wales and Ireland there are isolated 
districts in which the proportion of persons with dark hair and iris is 
conspicuously large. These islets correspond I take it to the Iberic 
element which has survived in these regions’. 

On these grounds it may be anticipated that the sp. gr. of the 
blood will be found to vary caeteris paribus in Britain in various 
parts in such a manner that the lowest blood specific gravities 
will be found towards the East; while the highest blood sp. gr. 
will be found I expect inthe extreme West of Ireland, North 
and South Wales and a part of Cornwall“. 

Finding such promise of racial differences among the inhabitants 
of Britain I naturally looked for greater variation among persons of 


1 The Races of Britain. By John Bed doe, M. D., F. R. S. J. W. Arrowsmith, Bristol. 
1885. 

2 See Early Man in Britain. By W. Boyd Dawkins, M. A., F. R. S. etc., London. 
Macmillan, 1880, p. 314 et seq. 

3 I am inclined to believe it likely from the few observations I have so far been able to 
make that along with these differences in the colour of the hair, iris and complexion and 
the sp. gr. of the blood, it will be found that there are different predispositions to certain 
diseases and different susceptibilities to the action of certain drugs, e.g. cocaine. 
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more widely separated races—but I have so far found little opportunity 
of making observations upon this point. 

My observations have been confined to Englishmen, Americans, Red 
Indians and negroes: all being taken in this country; but I am making 
arrangements to have more extended observations made’. The results 
taken exclusively from males which I have obtained up till now are 
given in the following tables: 


Americans Red Indians Negroes 
Age Sp. gr. Age Sp. gr. Age Sp. gr. 
40 1060°8 25 1057-2 28 1057 
24 1061 24 1058 25 1056 
22 1061 24 1058°2 44 1055 
27 1058 24 1056 60 1055 
24 1062 25 1058°3 28 1059 
22 1060°8 23 1058 19 1054 
18 1060 28 1057 41 1054 
21 1062˙5 37 1062˙1 20 1058 
17 1060˙5 32 1061 23 1055 
23 1061 36 1061 43 1058 
26 1061 36 1061 33 1055°5 
26 1060 21 1061 
27 1056˙5 23 1062 

30 1062 
18 1061 
17 1058 
18 1057 
22 1061 
Mean 246 1060°3 25 1059°4 33:1 1056 


These figures do not agree with observations made by Maurel upon 
the number of corpuscles per cm. in the blood of different races. He 
gives the following results :— 


Blacks 5,112,256, 
Indo-Europeans 5, 008, 222, 


but his observations were made in the several countries to which they 
belonged. It is well known that negroes fall off in health in this 


1 Some observations kindly made for me near Constantinople by my friend Mr. 
Babington and Dr Pompouras show that the mean sp. gr. of the blood of some Armenians 
was very distinctly below the mean sp. gr. among Englishmen: but they have promised 
me further information. 
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country—and hence I think it not unlikely that the sp. gr. of their 


blood would be found to be higher if they were observed in Africa. 


To what extent the blood sp. gr. varies in the different parts of 
Britain, to what extent these variations are attributable to incomplete 
fusion of component races, and to what extent the sp. gr. varies in races 
that are less nearly related to each other, are questions which I think 
are worthy of further study. 


( ) Influence of Conditions of Life. 
There appears to be a marked difference in the blood sp. gr. of 

persons of the same age, who live under different conditions of life. 
So far as my observations go the blood sp. gr. is higher in persons of 
the upper classes, and lower in the “ working-classes.” The inmates of 
workhouses exemplify well the class in whom a low sp. gr. is found, 
the sp. gr. being much lower than in other persons of the lower classes. 
As an example of this I may give the following observations on boys 
who were inmates of certain workhouses, and on others at a National 


School, all of ages between ten and fourteen—the cases having been 


chosen at random. 


— — — 


— 


Workhouse boys Schoolboys 

1052 1053 
1054°4 1054 
1054 1052 
1052˙5 1055 

1051 1059°5 
1049 1059 
1052 1057 
1052˙9 1057 
1055 1058 
1053˙5 1056 

1052˙5 1057°5 
1054-2 1056 
1052°3 1055 
1054-4 1054 
1053 1055 

1052-9 1059-5 
Mean 1052°8 1056 


In this connection I was much struck by the high sp. gr. of blood 
which obtains among the undergraduate Members of this University: 
and I give a series below also selected at random. 

Mean age, 18. 1061, 1058, 1064, 1057, 1064, 1056, 1058, 1059, 1054, 
1058, 1060, 1059, 1058, 1057, 1060, 1060, 1065, 1060, 


1063, 1060, 1058, 1062. 


Mean 10595. 
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The mean being higher than the mean among males generally at 
the same ages (18—22). Several of the very high sp. gr. were those of 
men who had distinguished themselves in athletics. 

The sp. gr. of the blood appears to bear a distinct relation to the 
physique of the individual. Workhouse boys are in most cases of poor 
physique, and one can hardly find a better antithesis than the general 
type of physique common among the athletic members of such a Uni- 
versity as Cambridge. } 


0 Food and Drink. 


In my last paper I stated that the result of taking mixed food 
was to lower the sp. gr. of the blood within an hour or two; but 
that this change was not observed if alcohol was also partaken of, unless 
in a very dilute form. 

Further experiments have on the whole served to corroborate those 
results, and on that account I shall not deal with the ranges at any 
length here. 

The taking of food has different results so far as the blood sp. gr. is 
concerned at different times and in different persons. I have not made 
many observations upon the results of food taking— but the few I have 
made point to two distinct causes of change in blood sp. gr. 

1. The conditions of the circulation in the fingers are obviously 
changed in many instances within a few minutes of the taking of certain 
kinds of food stuffs. The surface of the body becomes flushed, or cold, 
or remains unchanged: and this being the case, it is not surprising— 
considering what has been shown with regard to the influences of active 
and passive congestion—that the sp. gr. of the blood in the fingers 
undergoes a change in part at all events due to vaso-motor changes, 
produced by the stimulus of food-taking. 

Thus, the consumption of hot tea caused in one instance a very 
rapid fall in the sp. gr. of the blood in the fingers, the fingers having 
become red and hotter than before. Hot soups have sometimes, but 
not always, the same effect, while in some cases the consumption of both 
hot tea and other hot liquids has been followed by a rise of the sp. gr. 
of the blood in the fingers. 

Although alcoholic fluids generally cause some flushing they do not 
cause a fall in blood sp. gr. as a rule: on the other hand, alcoholic fluids 
generally cause a very marked rise in blood sp. gr. These changes I am 
inclined to attribute to general or at all events widely spread vascular 
dilatation. 
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It must be kept in mind that although localized active congestion 
causes a fall in the sp. gr. of the blood passing through the part, that if 
active congestion in large vascular areas or over the whole body take 
place, this being accompanied necessarily by an increase of the total 
amount of blood plasma which leaves the blood-veasels, the sp. gr. of the 
blood as a whole would necessarily be raised. 

2. Food consumption is followed by a lowering in blood sp. gr. 
within one or two hours after the taking of the food. This change may 
follow upon a previous change of the kind I have spoken of, but the 
consumption of mixed food (without alcohol) has always ultimately in 
my experience caused a fall in blood sp. gr. in healthy persons. 

That this is the ultimate effect of food consumption is supported 
by the evidence derived from animals which have been starved—in 
which the blood is stated to become viscid, while the red corpuscles 
become apparently increased in number. On the 10th day of his volun- 
tary fast I found Succi to have a blood sp. gr. of 1061, and on the 
39th day, a blood sp. gr. of 1063, indicating a similar change. 


(i) Eæercise and Rest. 


In my last paper I stated that gentle exercise was accompanied 
by a fall in the sp. gr. of the blood, and that more prolonged or violent 
exercise was accompanied by a rise, and these statements have on the 
whole been confirmed by further observations. 

At the same time I may add that regular exercise appears to be 
associated with a permanently high sp. gr. of the blood. The boating 
men at this University, as already mentioned, are examples of this. 

The sp. gr. of the blood of the two girls who took active exercise 
on horseback in Buffalo Bill’s Exhibition was, I found, high, being five 
or six degrees above that of women of the same age. 


(j) Influence of Sleep. 


In my former paper I stated that sleep usually caused a rise in the 
sp. gr. of the blood. Further experiments have tended to confirm those 
results, although the rise during sleep was not found to be so constant 
as I then supposed. 

The following observations are chosen at random from many obser- 
vations I have made upon this point. 
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Rise Fall No change 

Number 

Person ; during Mean rise] during | Mean fall during 

of nights deep sleep sleep 
A 35 27 1-9 7 0-2 1 
B 67 43 2˙5 21 2˙6 3 
C 18 9 15 4 15 5 


These observations show how much the effects of sleep vary in 
different individuals and the same individuals at different times. 


(k) Season. 


My observations point to certain seasonal variations in sp. gr. of blood 
but my data are too few to justify me in saying more on the subject 
at present. 


(J) Menstruation. 


I have found it difficult to make sufficient observations, in order to 
decide whether or not menstruation affects the sp. gr. of the blood to 
any extent. | 

My measurements have been made upon four females, and the method 
adopted was that of taking the sp. gr. of their blood as far as possible 
every day. In order to eliminate as far as possible the daily variations, 
I have taken the sp. gr. in each case during the menstruating days, and 
also the mean on the non-menstruating days. 


The results are given below :— 


Sp. gr. on No. of obs. Sp. gr. on No. of obs. 
mens. days on non- mens. 
8 10539 6 1054 24 
E 2 1053˙1 3 1051°5 14 
R 1051°9 8 1052˙8 11 


The mean on menstruating days was therefore slightly less than on 
non-menstruating days except in the case of E 2. S had usually only 
slight loss and the periods only lasted two days. R had a period of 8 
days’ duration, and in her case there was the most marked fall in blood 


sp. gr. 
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II. The Variations in Disease. 


It has been shown in the above pages that the sp. gr. of the blood 
in healthy individuals is capable of being influenced by a variety of 
causes which must be kept in mind when observations are made on the 
sp. gr. of the blood of diseased persons. 

In those conditions where the sp. gr. of the blood is not changed 
beyond the limits met with in healthy individuals, it may sometimes 
be difficult to prove or disprove that the sp. gr. is affected at all unless 
by some chance the sp. gr. of the patient’s blood has been measured 
before the illness took place, or unless the sp. gr. of the blood be found 
different from what the general characteristics of the patient would lead 
one to expect; or unless it is found on taking daily observations that 
the sp. gr. varies in a manner different from that met with in healthy 
individuals from day to day. If, for example, it continued to rise or to 
fall from day to day we may at once conclude that the sp. gr. is being 
affected by the disease, care being taken to eliminate other causes of 


It is often possible by a large number of observations to prove that 
the sp. gr. of the blood in certain diseases is higher or lower than the 
mean sp. gr. of individuals of the same age and sex. 


(a) Anaemia in Young Women. 


I have taken the sp. gr. of the blood in 86 cases of chlorotic anaemia 
in young women. 

The results of my observations are represented in the chart on which 
each measurement is represented by a black spot, while the upper and 
lower limits of variation in the presumably healthy female are also shown 
for comparison. (Plate XI. fig. 1.) 

On referring to the chart it will be seen that the patients were 
all between the ages of 14 and 26, and that the blood sp. gr. varied 
between 1032 and the healthy mean. Taking the severer cases—in 
which the sp. gr. was below 1045, they occurred at the following ages: 


At 14 15 16 17 18 19 20 21 22 23 24 25 26 


from which it appears that most of the patients were between 16 and 22 
years of age: the mean being 18} years. 
The lowest sp. gr. observed was 1032 in a girl of 24: but 15 had 
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a sp. gr. below 1037. These sp. gr. are among the lowest which I have 


met with in any disease. There is no other common condition under 
which the sp. gr. of the blood undergoes such profound change. 

It can be seen from the chart given that there is between the ages 
of 16 and 22 a marked fall of the lower limit of variation in the healthy 
person. This is precisely the age at which girls become anaemic, and 
the question arises whether I have included among my supposed healthy 
people a number of girls who were in reality anaemic, or whether there 
is a natural tendency to some fall in blood sp. gr. between these ages, 
and the anaemic condition is an exaggeration of a physiological change 
occurring at this time of life. 

This view is supported by the fact that the upper limit of variation 
in the female shows an interruption in its line of ascent between the 
ages of 14 and 22; producing a notch which is not present in the curve 
from males. 

We must conclude therefore that the changes which 
normally accompany puberty in girls tend to lower the sp. 
gr. of the blood, and that the thin blood of chlorosis is 
simply an exaggeration of this physiological effect. 

Under these circumstances it becomes very difficult to decide where 
the lower limits of health in females between the ages of 16 and 22 
should be fixed. I have arbitrarily chosen as the lower limit of healthy 
variation a sp. gr. of 1041, although I am aware that many unmistakably 
chlorotic girls have a higher blood sp. gr., but I have done so because I 
have seen girls with a blood sp. gr. of 1041 who have every physical sign 
and appearance of health. A very low sp. gr. is it may be noted quite 
compatible with a fresh, well- coloured, complexion. The clear complexion 
which in girls goes hand in hand with a very low sp. gr. of the blood is 
most characteristic and peculiar. It is, according to my experience, 
frequently associated with a notably large amount of subcutaneous fat. 
These plump, pretty-complexioned girls are those in which it is most 
difficult to decide whether or not the low sp. gr. of the blood is or is not 
beyond the physiological limit. 

Becquerel and Rodier' state that attenuation of the blood is not 
a constant and capital factor in chlorosis, and they describe cases of 
chlorosis in which there was no modification of the blood. The sp. gr. 
of the blood in three such cases which they quote was 1056, 1060, and 
1058 respectively. 


1 Op. cit. p. 155, et seq. 
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Now these sp. grs. are above the average sp. gr. of girls of 18, 26 and 
19—the ages of their patients, —and on this account I am inclined to 
place them in another category—for in my notes I find at the age of 18 
I have recorded a sp. gr. of 1060, the highest at that age, and [ have 
written against it pale.“ At 23 I have recorded a sp. gr. of 1058, the 
highest at that age, and against it is written palish.” The same occurs 
again and again. It is curious that the highest recorded sp. grs. are 
often those of girls who were markedly pale. These belong, I believe, 
to the class of oligaemic persons,—they bleed with difficulty, the blood 
is thick, they are pale, but their ears and lips are highly coloured and 
they do not get oedema and have no enlargement of the heart. They 
are exceedingly prone to suffer from headache, which is generally worst 
on rising in the morning, but is relieved by the recumbent posture or 
by taking food. And I am inclined to believe that their disease is 
separable from the ordinary chlorotic anaemia of young women: but 
shall postpone dealing further with the subject, except to add that if 
such a blood-condition really exist—a form, namely, of anaemia accom- 
panied by a relative excess of corpuscles, and a high sp. gr. of the blood 
—then it becomes a question whether I have not included in my curves 
some girls between 16 and 22 whose blood was of an abnormally high 
sp. gr. It may be concluded however that Becquerel and Rodier’s 
cases belong to this form of anaemia, or rather oligaemia, and should 
not have been diagnosed as chlorosis at all, which in its typical form, 
with pallid lips, dilated heart and bruit de diable is always according to 
my experience accompanied by a marked and sometimes extreme 
lowering of the sp. gr. of the blood. 

The green colour of the complexion from which the name is derived 
does not according to my experience necessarily accompany extreme 
lowering of the sp. gr. of the blood. It appears rather to show itself in 
those cases where the onset of the affection is rapid, or as a result of 
acute exacerbations of a slighter degree of anaemia which has lasted 
for some time, and is presumably due to pigments which have been set 
free by the destruction of red corpuscles of which evidence has been 
given by Ehrlich and others. 
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(b) Pernicious Anaemia. 


I have only records of nine observations upon the sp. gr. of the blood 
in cases of this disease. The results are given below :— 


Age | Sex — wir Shapes | Sp. er. | Remarks 


Cc 

1033°5 | Death later 
C. W. 58 | M 860,000 1: 352 irreg. | 1040 Died later 
A.A. M 696,000 28 to hese | 11080 


38 M | 970,000 1129 irreg. 


2 sqrs. sizes (1030 Recovered 
d. R. 40 M | 1,700,000 1035 
J. R. M 1,150,000 1:11 1030 Provis. diagn. 
1029 
00 


The lowest recorded sp. gr. was 1029, the highest 1040. In all it 
will be seen that the number of corpuscles was immensely reduced, and 
the sp. gr. was generally higher than one would expect with such a great 
diminution in the number of corpuscles. I took the sp. gr. of the blood 
of A. A. very many times. He was under the care of Dr Church at 
St. Bartholomew’s Hospital, who kindly allowed me to keep a record 
of his blood sp. gr. on a chart constructed for that purpose. He came 
in with a blood sp. gr. of 1030: this fell during the first two days to 
1029. Under treatment with arsenic this sp. gr. increased day by day, 
until after a stay of some months, when he left the Hospital with a 
sp. gr. of 1054, which is about the lower limit of health. He eventually 
‘recovered completely. I was particularly struck by the regularity of 
the curve so obtained, the gradual and steady rise showed not the 
slightest fluctuation, and the steepness of the ascent increased more and 
more rapidly as his condition improved. 

Pernicious anaemia resembles the anaemia of young women so far 
as the blood sp. gr. is concerned: and these two stand almost alone in 
this respect: but they differ in the fact that the corpuscles are much 
more deficient in pernicious anaemia than in the anaemia of girls. 

My daily observations on the case of A. A. appear to me to indicate 
that the sp. gr. of the blood in pernicious anaemia is a valuable guide 
as to the condition of the patient, and enables us to estimate the improve- 
ment or the reverse with exactitude. 
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(c) Heart Diseases. 


I have made observations upon 53 selected cases, the results of 
which are given below :— 


Mitral Regurgitation (alone). 


Initials | Age 
W. C. 18 
J. C. 38 

15 
L. C. 67 
J. B. 39 
F. E. M. 44 
O. 8. 39 
G. W. F. 47 
E. C. | 54 
J. P. 43 
T. MX. 38 
Ag. A. B. 28 


b> * 


EER 


EEA AE 


Oedema 


! 


Sp. gr. 


3 


Oed. 
slight 
none 


oed. brawny 
oed. 


cirrhosis ascites oed. 
oed. 


none 
none, never 


none 


oed. ascit. 


recent 
oed. 
never 


Aortic Regurgitation. 


1052 
1056°8 
1060 


1051 
1060 


1048°5 
1050 
1040 
1045 
1051˙8 
1058 


Green pale face 


Has had oed. mos. ago 
Mitral Regurgitation and Stenosis. 


Very cyanosed 


Dark and blue, treated 


12 days 


324 
| 2 
2 
Remarks 
| 1039 1 
1057-8 
| 1048 
1054-5 
| | 1053-5 
| 1042 
| 1059 
1057 
1052 
10 
Mitral Stenosis (alone). 
30 none 1060˙5 | 
22 oed. 1050 
18 1042 
29 oed. asc. 1056 
| 21 
1 
none — — 
23 
29 
| 44 
| 65 
| 29 
| 30 
| 23 | | 


Aortic Disease with Mitral Disease. 
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Initials Age Sex Oedema Disease Sp. gr. 
W. L. 28 M aort. reg. & sten. 1052-9 
mitr. reg. & sten. 
W. M. 37 M none aort. regn. 1043°5 
mitr. regn. 
16 M | never aort. regn. 1053 
mitr. regn. 
26 M | oed. aort. regn. 1039 
mitr. regn. 
E. 8. 18 M aort. stenosis 1052 
mitr. sten. 
mitr. regn.? 
W. B 43 M | none aort. regn. & sten. 1050 
mitr. regn. 
41 M | none aort. regn. 1053 
has had oed. | mitr. regn. 
17 M aort. regn. 1054 
mitr. regn. & sten. 
48 F none aort, regn. 1053 
mitr. sten. 
Tricuspid and Mitral Disease 
Age | Sex Diagnosis Oedema Sp. gr 
37 | M | mitr. regn. tric. regn. oed. 1054 
16 | M | mitr. regn. tric. regn. aort. regn. | never 1053 
Septic Endocarditis. (Ulcerative endoc.) 
Initials | Age | Sex | Oedema Disease Sp. gr Remarks 
W. M. 37 M none | aort. regn. 1043. P. M. 
mitr. regn. (sten 1) 
M. H. H. 29 F 1040 
J. H. 29 M recent 1045 P. M. 
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Cardiac Dilatation. (Fatty degn. alone.) 


Initials Age | Sex Sp. gr. 
over mid. M 1068·5 


Initials e | Sex, Oedema Disease Sp. gr. Remarks 
W. C. 18 | M puly. sten. 1061 Great cyanosis 
thisis 
3|F none | patent foramen | 1066°5 
ovale 
O. W. 17 F patent foramen 1072 1418 oz. urine 
ovale in 24 hrs. 
M none 1064 
S8 F none 1066˙5 


From these results it appears that the sp. gr. of the blood varies 
considerably in valvular disease of the heart, very high sp. grs. (10665, 
1072, 1064, 1061, 1068-5) being recorded in cases of congenital disease, 
and in one case of fatty degeneration ; while normal or very low sp. grs. 
were observed in the other valvular affections. 

In valvular affections generally the sp. gr. appears to depend upon 
the extent to which the lesion is compensated, for comparing the sp. gr. 
in 18 cases of compensated valvular lesions and 13 cases of valvular 
disease with failure of compensation, I found the mean sp. gr. to be 1054 
in the first (compensated) series, and 1051°6 in the second series of 
uncompensated cases: and the sp. gr. was lowest when the breakdown 
was most complete. In a perfectly compensated valvular lesion the 
sp. gr. is sometimes above the mean in healthy persons. 

I am unable at present to give any facts as to the degree to which 
the affections of the different valves respectively affect the sp. gr. of the 
blood, and indeed this would be exceedingly difficult to accomplish for 
the reason that the blood condition evidently depends mainly on the 
presence or absence of failure of the heart. 

Becquerel and Rodier“ state that the sp. gr. is diminished in cases 


1 Op. cit. p. 191. 


Congenital Heart Disease. 
| 
| 
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of heart disease of the first degree: by which they meant simple hyper- 
trophy and compensated valvular lesions. They give the following 
results of 15 cases 
mean. maximum. minimum. 
1056˙1 1065˙3 10498. 


In heart disease of the second degree where compensation gives 


signs of failing they found the sp. gr. lower: and in 24 cases they found 


the sp. gr. to be 
mean. maximum. minimum. 
1052 1066°8 10408. 
Eleven of these cases had dropsy. 


In heart disease of the third degree they found the density much 
lowered— their mean of 31 cases being 1050°19. Among these were six 
cases of simple hypertrophy, in which they state that the number of 
globules and the densities were increased. I have seen no cases of 
simple hypertrophy and cannot speak upon this point. 

These results agree with mine, except that they describe their results 
as showing a diminution of the blood sp. gr., whereas many of their 
results show a sp. gr. very considerably above the average. They do 
not appear to have defined the healthy limits before defining the varia- 
tions in disease. 

In congenital heart disease I have noticed a very peculiar blood 
condition. 

In the new-born child it was pointed out that the sp. gr. of the 
blood is very high (about 1067), and in cases in which the foramen ovale 
has never closed, and in which the foetal condition of the circulation 
remains, it is curious to note that the + gr. of the blood remains 
extremely high. 

The highest sp. gr. I ever recorded was in a girl of 17, suffering from 
a patent foramen ovale (1072). Are we to conclude that the character- 
istics of the circulation in the foetus cause the sp. gr. of its blood to be 
high, and can the high sp. gr. (the highest observed by me in any 


diseased condition) of the blood in congenital heart disease be due to a 


partial persistence of the foetal characters of the circulation? To seek 
to answer this question would lead me further than appears to me at 
present desirable and I content myself with simply stating the question 


which naturally arises in the mind. The subject however seems to me 


to be of some interest. 
In one case of simple fatty dagunevelion of the heart in a man 


2 

Py 
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beyond middle age I have met with a sp. gr. of 1068°5. At present this 
case stands quite alone in my statistics. 


(d) Kidney. 

The renal diseases upon which I have made observations are acute 
nephritis, chronic parenchymatous nephritis, chronic interstitial ne- 
phritis, with a few other rarer conditions. Some of these results have 
already appeared in a paper in the Practitioner’. 

The results are given below: 


(a) Acute Nephritis. 


Initials | Age | Sex Duration Sp. gr. Oedema 
G. V 18 | M | 4 days 8 1056 oed. 
K. 2 F | few days (scarlatinal) 1047 oed. 
J. F | few days — 1054 oed. 
1056˙3 
H. P. 3 | M | few days (scarlatinal) 1042 oed. 
E. J. 29 | M | ac. nephritis, 4 days 1060 
W. R. 30 | F | 10 wks (neglected) 1045 oed. 
M. A. C. 20 F 1055 
E. R. 1 F | few days (scarlatinal) 1045 
E. H. F | weeks 1038 | oed. purulent effusion 
left pleura 

H. B. 15 | M | durn. 6 weeks 1056 legs oed. 

29 | F | recent 1050 | oed. 
A. 8. 17 | F | 5 or 6 weeks 1043 | oed. 


It will be seen that the sp. gr. is either normal or slightly below the 
normal, and it is most below the normal in those cases in which there is 
much oedema, 

These results agree with those of Becquerel and Rodier, who state 
that in 15 cases of this disease the mean sp. gr. was 1048°27, the maxi- 
mum 1058, the minimum 103742. They note the great variation in 
the number of globules in the blood, and state that the diminution 
in the number of red corpuscles becomes. more marked the — the 
disease has lasted. 


(8) Chronic Parenchymatous Nephritis. 
The results are given below of observations I have made upon 26 
cases of this disease : 


1“On some blood changes met with in renal diseases.” Practitioner, Vol. xii. 
No. 1, page 19. 
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below the healthy mean. 


1 Chr. par. haem. nephritis. 
The sp. gr. of the blood is, as can be seen, almost always considerably 


The lowest records were two at 10345, one of 


them in a case accompanied by haemorrhage—the highest 1060 and 


1059°5. 


A normal sp. gr. is quite an exception in a case of chronic paren- 


chymatous nephritis and I believe that it will only be found to occur 
where there is very marked hypertrophy of the heart. Very marked 


hypertrophy of the heart is not common in this disease although it 
is generally enlarged to a certain extent, but in two of these cases the 
sp. gr. was high, there was a typical cor bovinum and there was retinitis. 


Becquerel and Rodier give results of measurements of the sp. gr. 
of the blood in 15 subjects of this disease, their figures are :— 
maximum. 
1056˙25 


1045°6 


minimum. 
1030°24. 
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Initials | Age | Heart | Bel | Gout Oedema Sp. gr 
J. A. 36 | M 1034°5 
E. F. 28 F none; for 2 wks.| 1052 
oed. 3 mos. ago 
J. W. 39 M 1053 
H. H. 39 M 1044-9 
F. 8. 32 | M oed. ascites 1042 
W. H. B. 37 M 1051°5 
R. C. 20 M 1049 
N. 143 F 1041 
J. W. N. 38 M 1053 
W. E. D. 27 M 1052 
W. H. 46 M hypd. ret. | had gt. 1059°5 
‘| 24|M 1053 
J. 8. 40 M no oed. 1052 
D. F oed. 4 days 1049 
J. 8. 27 M oed. 1051 
H. C. 35 | M had gt. | oed. 1045 
J. R. C. 62 M 1044 
A. H. 20 F 1060 
C. M. C. 68 F oed. 1054 
R. C. 35 F 1050 
E. B. 18 F hypd. 1034˙5 
pericarditis (death 
JC. H. 18 M oed. 1044 
J. W. M 1050 
H. R. 26 M hypd. ret. no oed. 1053 
E. L. M hypd. ret. | gt. 3yrs.| oed. 1045 
pericarditis ago 
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In chronic parenchymatous nephritis my observations agree wit 
those of Becquerel and Rodier that the sp. gr. of the blood is gene- 
rally much diminished, and I believe that it can only be normal in cases i, 
in which there is much cardiac hypertrophy, although on the other hand 2 
cardiac hypertrophy may exist without the sp. gr. being 3 up to f 
the normal limit. 


(y) Chronic Interstitial Nephritis. 7 
I give below the results of observations made upon persons with 
chronic interstitial nephritis and arterio-sclerosis, and these are e 
in three groups: 
1. Those who had never had cerebral haemorrhage. 
2. Those who had had recent cerebral haemorrhage. | 
3. Those who had had cerebral haemorrhage some time previously. 


Ch ‘o Int thal N. hrite and Art 
Crass I. Without a history of cerebral haemorrhage. 


Initials | Age | Sex Heart Retinitis Gout Oedema Sp. gr. 2 
J. O. 55 M hyp. once 1058-5 
. T. M. M er aced. had gout - 1 1061 
pn. 
J. S 56 M tophi 1059 
J. S. M 1060 
AW. 18 F much oed. 1057 
46 M tr. oed. | 1057 
T. D. 25 M hyp. ret. legs oed. 1042 4 
43 | M oed. 1049 
T. B. 72 M palpn. gout for 16 yrs. 1058 4 
depts. about 
joints | 
J.C. 50 M 1056 
T. D. 48 M 1060 
A. 47 | M. alt. oed. 1051 = 
W. T. 50 M hyp. never 1064 
R. A. | 22 M oed. 1 mo. | 1049 : 
R. L. 32 | M had oed. 1055 4 
P.8. | 45 oed. — 
Same, two w 
later has uraemia oed. 1046 
M hyp. 1064 
w. H. 40 | M bay | oed. | 1050 
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Among those in group L. the sp. gr. varied from 1064—1042 The 
ge was either below the normal, normal, or shove thé normal. 
- "The sp. gr. was low in those who had oedema and higher in those 
who bad not oedema. It appears therefore that persons with chronic 
interstitial nephritis fall into two classes, those who have a high u gr. 
sp. gr. of blood, who frequently have oedema. 

Those in group II. who had had recent cerebral haemorrhage will be 
seen to have a higher mean sp. gr. than those in group I. The highest 
was 1069: the lowest 1054 (in a female): the mean sp. gr. taken on a 
finger of the unparalysed limb was 1060°5. 

This shows that ‘the blood sp. gr. is high in those e ee . 
by cerebral haemorrhage. | 

These: results point definitely, it seems to me, to certain con- 
clusions :— 

The sp. gr. of the blood in persons with arterio-sclerosis 
or with interstitial nephritis may be either above the aerial, 
normal or below the normal. 

It is the highest in those in whom there is no oedema 
and in those who have cerebral haemorrhage. These patients 
generally have hypertrophied hearts, often -pass excess of 
urine and such persons are prone to cerebral haemorrhage. 

It will be found high in those who have had one attack 
of cerebral haemorrhage and who are likely to have another. 

Lastly, the sp. gr. of the blood falls in some persons who have had 
an attack of cerebral haemorrhage some time previously: and as the 
sp. gr. is high in those who get cerebral haemorrhage and low in those 
who have cardiac failure or oedema, a low sp. gr. in a person who has 
had one attack of cerebral haemorrhage is an index of a diminishing 
liability to cerebral haemorrhage and an increasing liability to cardiac 
failure and oedema. | 
| According to my experience the prognosis of a middle-aged patient, 
whose blood sp. gr. is say 1060 points towards a cerebral 

more than to cardiac failure or oedema: but if the blood sp. gr. be 1053, 
he is more likely to die from oedema or cardiac failure than from 
cerebral haemorrhage. 

I have found this relationship between the sp. gr. of the blood and 
the liability or non-liability of the patient to cerebral haemorrhage of 
practical value for diagnostic purposes. In one case for example where 
cerebral haemorrhage had been diagnosed I found s blood sp. gr. of only 
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made. The P.M. showed it to be a case of meningitis. 

In another case also cerebral haemorrhage had been diagnosed. The 
sp. gr. was only 1050, Here again J doubted the accuracy of the 
diagnosis, and the case was found later, on making a post-mortem 
examination, to be one of cerebro-spinal meningitis. 

Those in Class III. who were the subjects of old cerebral haemor- 


rhage had most of them a sp. gr. of blood which was at or above the 


healthy mean, but in one case the sp. gr. was only 1053. 


Becquerel and Rodier found the sp. gr. to be fairly high in 12 


cases of cerebral haemorrhage. They give the following figures :— 
mean. maximum. minimum. | 
105164 105902 1063°6. 


and they state that the number of globules was constantly very much 
increased, often above the healthy limits, and add that this increase 
“appears indeed to precede the cerebral haemorrhage.” They add 
“ Contentons nous done de signaler le fait sans chercher a |’expliquer.” 

In old cerebral haemorrhage they found a diminution of the number 
of the globules, and they found the mean density in nine cases to be 
1063. 

There is yet another point to be observed in this connection, namely, 
the relation of the sp. gr. of the blood to gout associated with renal 
disease. In such cases the sp. gr. of the blood is in my experience 
below the normal. 

Now patients who have cerebral haemorrhage have a high sp. gr. 
of blood and they generally have an immunity at that time from gout : 
but I have often noticed that on questioning them one can very 


frequently elicit a history of gout some time previously. On the other 


hand persons with chronic interstitial nephritis who are dying from 


cardiac failure or oedema und who have a low sp. gr. of blood have not 


such an immunity from gout. These facts lead me to conclude that 
the subjects of chronic interstitial nephritis are more prone 
to gout in a period antecedent to the period of cerebral 
haemorrhage, but that this tendency to attacks of gout re- 
appears when the hypertrophied heart is failing and when 
the tendency to haemorrhage from increased blood-pressure 
is diminished, In fact, I regard the cardiac hypertrophy in subjects 
of renal disease as a part of a compensatory arrangement, and when this 
compensation is set up then the tendency to gout diminishés, while 
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after this compensation. fails defective elimination causes 


dency to gout. I therefore conclude, that there are often three stages 
interstitial nephritis. 

1. A prehypertrophio stage—before cardiac hypertrophy is set up- 
in which there is a tendency to gout, but no tendency to cerebral 
haemorrhage. 


2. The stage of cardiac and vascular hypertrophy, of increased 
elimination of water, with increased sp. gr. of blood, tendency to cerebral - 


. haemorrhage and diminished tendency to gouty attacks. 


3. Stage of cardiac failure—with a low sp. gr. of blood, with little 
tendency to cerebral haemorrhage but great tendency to cardiac failure | 
and to oedema, and a reappearing tendency to gout. Bamberger’ I 
: 


(e) Fever. 


1 1 have been almost entirely confined to patients 
suffering from scarlet fever, typhoid, and acute rheumatism. The 
results of the observations in scarlatina and typhoid fever are given 
in charts Pl. XI. figs. 2 and 3. 

These charts show the changes in the sp. gr. of the blood on 
successive days of the fevers. In chart Pl. XI fig. 2 the interrupted lines 
are from cases of females, the continuous, of males, In the other chart 


the only female is F 18. The age of the patient has in each case been 


noted on the chart. . The letter N in chart 5 indicates that nephritis 
showed itself at the corresponding time. 
In scarlatina 36 observations were made upon eleven individuals 


The mean sp. gr. during the first week was 10556: whereas taking 


healthy people at these ages, and of the same sexes, the mean would be 
1053°5. I therefore conclude that during the first week of scarlatina 
the sp. gr. of the blood is above the mean, but that it does not exceed 
the upper limit of healthy variation. | 

On reference to the chart, it will be seen that the sp. gr. fell during 
convalescence in some cases, but rose in others. The lowest sp. gr. 
recorded being in a case complicated by nephritis. | 

It can be seen from the chart that the sp. gr. of the blood in some 
rises continuously, while in others there is a well-marked and continuous 
fall, which must 80 far as I can see indicate some difference in the 


1 Volckmann’s Sammi. Min. Vortige, No. 178. 
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course the disease has taken, but I have not been able to find what is 
the cause of this difference; in some cases where the descent is very 

great it was due apparently to intercurrent nephritis, but in some others, 

e.g. in F 10, where the fall of the sp. gr. is well marked, I repeatedly 

made most careful chemical and microscopical examination of the urine — 
without finding any evidence of even a slight degree of nephritis. Why 
some should continue to rise as in the case of the woman F 18, the 
sp. gr. of whose blood on the eleventh day is 1062, which is above the 
upper limit of healthy women of the same age, I have no means of 
knowing. I have not found that the characteristic difference in the 
charts of the sp. gr. of the blood of scarlatina patients which has just 
been referred to is of any prognostic importance, although great and 
continued descent is usually due to acute nephritis. 

Observations upon the blood of scarlatina patients are much needed. 
Andral and Gavarret examined the blood in two cases, and found 
an increased number of red corpuscles’ Their results agree therefore 
with mine. 

In typhoid fever I made 15 observations upon 7 patients. The 
sp. gr. was below the mean in every case, but was especially low during 
the third week. The two cases in which the sp. gr. became lowest at 
this time were the only fatal cases, and both died of haemorrhage. 
(See Pl. XI. fig. 3.) 

Becquerel and Rodier“ state that at the outset of typhoid there is 
generally no alteration of the blood. Sometimes, however, in very 
acute cases accompanied by great prostration and haemorrhage there 
is a simultaneous diminution of the albumin, corpuscles and fibrin. 

I have made no observations upon patients during the first week 
of the fever: but Gamgee’ gives the following facts with regard to this 
point :— | 


Bex | Age | Period of fever | 84 Remarks 


Male 22 Ist week 1056°6 | A somewhat cachetic individual 
Male 25 lst week 1059°6 | A moderately strong individual 
Same Ist week 1062°1 | Same individual 

Male Ath week 1054°4 | An attack of medium severity 


From Gamgee’s statement the sp. gr. appears to be normal during the 
first week of the fever, 


Loo. cit. 
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From the ofl inp. own ead: quoted 
clude that during the first week of typhoid fever the ep. gr. of the 
blood is but little altered in most: cases. Pe eee 
sp gt. falls, especially in severe cases, and where 

but in slight cases the fall appears to be lem 8 | 
by a gradual increase of blood sp. gr., sometimes lasting over u consider- 
able time. 


The sp. gr - therefore forms a valuable guide for the prognosis in 
— 

I found it difficult to secure many suitable cases of acute rheumatism 
for observation, partly because I avoided all cases complicated with old 
endocarditis, or under treatment with salicylates. 

Of ten cases all had a low blood sp. gr., the mean being 1053-7, while 

ages would be about 1057°6. 
) Becquerel and Rodier found the mean sp. gr. in acute rheumatism 

to be 1055°5 in 20 cases (13 men and 7 women). 

It appears therefore that acute rheumatism is accompanied by a 
rally 4 degrees. 


Y Hepatic Cirrhosis. 
Observations made upon patients with hepatic cirrhosis showed no 
constant blood change so far as the sp. gr. of the blood was concerned. 


In three cases out of the eight in which I investigated this point the 


blood sp. gr. was higher than the mean, in the remaining five cases 
considerably below the mean in healthy individuals. 


00 Diabetes Mellitus and n 


The sp. gr. of the blood appears to be as a rule high in cases of 
diabetes. Even the lowest sp. grs. recorded were not lower than was 
consistent with health, while the majority had a sp. gr. above the 
mean. 
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Diabetes Mellitus. | 
Initials | Age Sex Urine per diem | Sp. gr. Sugar Remarks t 
61 F 1056 · gangr. of foot 
8. B. MI 4pi 1058-5 |. 1 
F.P. | 23|M 3 pints 1059°9 
W.K.| 8|M 5 or 6 pints | 1059 
J. M. | 67 | MI not much 1057 
W. B. 20 M Is pints 1061 
8. O. 21 F 1059 
46 M 5 pints 1056 0 
R. S 55 M 4 pints 1061 | gout 18 mos. ago 
30|M | 2 pints 1054 | gr. xvi toi . | 
27 | F | SorG pints | 1056 | 4 
not measured 
but large | 
I. 34 M 7 pints 1054 gr. xxx toi a 
56 M] nati. 10575 sp. gr. ur. 1010 
Mean 10576. Mean of normal persons of same ages etc, 1056-9. 
Diabetes Insipidus. 4 
21 
Initials} Age | Sex br. 
33 | M 1061 4 
16M 1061˙3 
7 16 M 1058-5 | 
q H. T. 46 M II pints | 1055 | 
| Mean sp. gr. 1058-9. Mean in healthy persons 1057-1. 


My observations show a mean sp. gr. of 1057°6 in D. Mellitus. 


Cancer. 


The sp. gr. in fifteen cases of cancer was found to vary between 
1031 and 1059. The lowest were 1031 in a case of carcinoma uteri 


— — 


of three to four years duration, and 1035 in a case of carcinoma of 3 
liver. 
4 It may be concluded therefore that in severe and long cases of 1 
j cancer the sp. gr. of the blood falls considerably; although in some, 1 
q where the disease is not so advanced or severe, the sp. gr. may be = 
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Sourvy. 
The following observations were all made within one month, and 


in the neighbourhood of Leeds, At that time there were a number of 
cases of typical scurvy—characterised by sponginess of the gums, very 


extensive hasmorrhages and more or lees intense ansemis. There was 
the usual history of bad- 

It will be seen that the sp. gr. was in all cases low, except during 
ae on All the cases occurred in males. 


den Age Duration Bp. gr. Remarks 
M 387 | recent 1046°5 | Bradford. June 
1050 apo days later 
M 67 | over 3 weeks 1040°5 June 
M 54 | 3 mos. 1046 — 
M 72 | 10 days 1054 | Leeds 
M 36 | 1 month (recent) | 1040 | Appears recent. Leeds 
M | adult | 5 mos. 1059 | Recovered. Leeds | 
M 60 | 19 weeks 1059 | Recovered. Leeds 


Tubereulous Phihisi 


In cases of phthisis the sp. gr. appears to be always more or less 
The mean in eleven cases of acute and incipient phthisis was 10508, 


the mean sp. gr. of the blood in a group of healthy males and females 


The mean of 15 cases of chronic phthisis was 1052-6, the normal 
mean at the same ages being 1057. 


The onset of phthisis appears to be always accompanied by » dimi- 
nution of the sp. gr. of the blood. 


In twelve examples of secondary and tertiary syphilis I found a 
reduction of the sp. gr. of the blood in every case: the mean being 
1052˙2 instead of 1056°6. 


Lead Poisoning. 
In eleven cases of lead poisoning the sp. gr. of the blood was as 


a rule much reduced, the mean sp. gr. of the blood of the eleven patients 
being 1049°7 instead of being the normal (10578) for their ages and 
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| (n Mywoedema. 
§ In the following six cases of myxoedema. the 


mean sp. gr. was 

1051˙8, instead of 1055°8, which it showed in healthy persons of 
corresponding ages and sexes. 

Sex Age Sp. gr. 

M 45 1055 

F — 1053 

F 43 1051 

F 49 1052°5 

F 53 1047°5 

F 50 1052 


(n) Local Changes in sp. gr. of Blood in Hemiplegia from Cerebral 
Haemorrhage. 


Knowing that there are local variations of the sp. gr. of the blood 
in the healthy subject, it might be expected that local changes in 
blood sp. gr. would be found to exist in disease. , 

4s I have shown that the changes observed in health are largely 
due to varied conditions of the vasomotor nervous mechanism I first of 
all undertook the task of examining the condition of the blood in 
hemiplegic limbs, comparing the condition of the blood on the paralysed 
a and on the unparalysed sides. The first results showed that the sp. gr. 
of in the paralysed limb was frequently different from that in the sound 
a limb, but this variation was neither found to be constant, nor was the 
1g change in the same direction in each case. Upon taking more careful 
. notes of the duration of the paralysis, it became apparent that the cases 
1 of recent hemiplegia ought to be separated from those in which the 
a condition was of longer duration. Out of eight cases of hemiplegia 
a from haemorrhage in which the blood was taken within two days after 
a the seizure the following results were obtained :— | 


Time after on Finger on | 8 
24 1062°5 1060 
30 hrs. 1060 1058 
3 hrs. 1055 + 1054 
18 brs. mid. 1060 1058 
end 1060 1058 
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Tube table shows in all cases a lower blood sp. gr. on the paralysed 
than on the unparalysed side. 

Moreover the tetnperature on the paralysed side was always higher 
than that on the sound side. | 
‘ I have never 80 far observed a case of recent cerebral haemorrhage 
in which the sp. gr. of the blood on a finger of the paralysed side was 
higher than that on the unparalysed side; but I have seen one case which 
simulated cerebral haemorrhage in which this occurred. For reasons 
which I have already explained, I rejected the diagnosis of ‘cerebral 
haetnorrhage, and the case proved p.m. to be one of acute cerebro-gpinal 
meningitis. Comparing these results with those of other observers 
in the same field I find that Pensoldt described an increase in the 
number of red corpuscles in the paralysed limbs. of hemiplegics ; but 
from what I have already said it will be obvious that this is not always 
the case, and indeed that in recent hemiplegia the opposite condition 
appears to be more common. 

On taking the sp. gr. in cases of hemiplegia of longer standing, 
somewhat different results were obtained, as will be seen by a glance 


at the figures below :— 
Duration Sound Paralysed 
1 week 1060 1058 
11 de 1060 1062 
11 days 1056°5 1057 . 
18 days 1057 1058 
3 days 1059 1058 
6 weeks 1057-2 1056-9 
1065 1065 
weeks 
11 1067 1064 
12 mos. 1058 1057 


This table shows in many cases a relatively low and in some a 
relatively high blood sp. gr. on the affected side. 

Tho local changes of blood sp. gr. in paralysed limbs appear to me 
to be not unlikely to be of service for diagnostic purposes, but the 
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(0) Local Changes in the sp. gr. of the Blood in Hemiplegia from 
other causes than cerebral haemorrhage and in other nerve-lesions. 


1. Hemiplegia from other causes than cerebral haemorrhage. 


Initials| Age | Sex | Duration Cause nn 
W. 411 F 18 days morb. cond, 1057 1058 
M. L. 30 M 8 wks. mitr. sten. 1060°5 | 1058°8 

(no oedema) 
J. H. 30 | M | many weeks specific 1065 1065 
M | under 3 days acute cerebro- | 1050 1058 (hotter) 
spinal meningitis 
2. Other nerve-lesions. 

Sex | Age Disease Duration | p. gr. Remarks 

M | 46 | paraplegia neuritis} old left leg 1058 

M | 46 paraplegia old | left leg 1058 

from neuritis left finger 1054 

M | 55 | locomotor ataxia | 18 yrs. 1060 

M | 52 | locomotor ataxia | 2 yrs. 1061 

M | 55 compression- 26 days 1050 

myelitis 
F | 46 | alcoholic paralysis | 3 mos. 1044 Rt. chr. pleural effu- 
sion 
M | 62 1056 Wasting hands and 
forearm 
M | 40 | paralysis of both | 5 weeks 1064 
arms 
M | 16 paraplegia 8 mos. | finger 1050 | Tubercular ostitis 
toe 1052 


From these tables it can be seen that the sp. gr. of the blood was 
above the mean in two cases of cardiac disease accompanied by em- 
bolism, and that the sp. gr. was relatively low on the paralysed side. 

These figures, although few, are of value because they show that 
a high sp. gr. of the blood is not pathogenic of cerebral haemorrhage. 
A low sp. gr. of the blood however will enable us to exclude the 
possibility of a case being one of cerebral haemorrhage, and this fact 
may be of much value for the diagnosis of such cases. 

I may add here the results of measurements upon a case of lepra 
anaesthetica, in which a curious difference was noted between the 
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sp. gr. of the blood from the affected fingers and that taken from the 
healthy ones. 

In the two affected fingers the sp. gr. of the blood was 1059°5 and 
1060 respectively; while the blood from each of three sound fingers had 
a sp. gr. of 1062. 

I have seen it stated, but I cannot remember where, that in “spinal 
irritation” the number of red corpuscles is increased; and in this con- 
nection I may note that I found a high sp. gr. of the blood in two cases 
of locomotor ataxia in spite of the fact that they were inmates of an 
institution where spare diet does not as a rule allow the blood sp. gr. 
to reach its normal limits. 

A high sp. gr. is, I find, common in certain types of neurotic indi- 
viduals and among certain insane people. As an example of the former 
class I may quote a hypochondriacal individual—a man of 40—who had 
a blood sp. gr. of 1067: and as an example of the latter some chronic 
epileptics and general paralytics, who had in many but not in all cases 
a very high sp. gr. of the blood. M. Ch. Féré’ has shown that the 
number of red corpuscles is increased in epileptics just after an attack, 
and since contraction of the small vessels (see p. 305) is accompanied 
by an increase of the sp. gr. of the blood in the part, this fact I think 
is sufficient to explain the blood changes in the post-epileptic individual, 
and may even be found to apply to some other nerve-states. 


The following are the main conclusions to which my observations 
have led me. This summary however is not a complete one. 

1. The sp. gr. of the blood varies in different parts of the body. 

2. The sp. gr. of the blood from any part of the body bears ceteris 
paribus a definite relation to the sp. gr. of that taken from any other 
part of the body. 

3. The sp. gr. is usually the same or nearly so on corresponding 
parts of the symmetrical halves of the body. 

4. But the sp. gr. may be changed in one part, while it remains 
unaltered in others. Variations in the blood-supply to the part are the 
most frequent causes which determine such changes. 

5. The sp. gr. of the blood is remarkably high in birds and low in 
such animals as frags. 

6. The sp. gr. varies considerably in different persons, so much 80 


1 “ Note sur l’altérabilité des globules rouges et sur la presence temporaire d'un grand 
nombre de globulins dans le sang des épileptiques aprés l’accés.” Comptes Rendus de la 
Société de Biologie, 1889. 
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that a sp. gr. which is normal for one may be a sign of disease in 
another. 

7. The sp. gr. is generally lower in women than in men: but it is 
about the same in both sexes before the 15th year: and is higher in old 
women than in old men. 

8. In males the sp. gr. is about 1066 at birth—falls during the 
first year and subsequent two years, being about 1050 in the 3rd year ; 
thence it rises till about 17 years of age, when it is about 1058. It 
remains as high during middle life, and falls slightly in old age. 

9. In females the sp. gr. is about 1066 at birth: it falls in infancy 
as it does in males to about 1049 in the 3rd year. Thence it rises till 
the 14th year, when it is 1055°5. Between 17 and 45 years of age it is 
lower than in the female at 14, being about three degrees lower than 
in the male. 

10. The upper and lower limits in different persons which are 
consistent with health are shewn on a chart. The widest range occurs 
during the first year, because the sp. gr. is very high at birth and falls 
to a very low point during the first six months. 3 

11. In girls from 15—22, the lower limit falls to a very low point. 
This is par excellence the age of anaemia. Many apparently healthy 
girls having at this age a very low blood sp. gr., it is possible that 
chlorosis is but an exaggeration of this condition, which appears to be 
physiological. 

12. The sp. gr. of the blood varies with the individual constitution. 
It is lower in persons with light than in persons with dark eyes, hair 
and complexion. 

13. These differences may be due to incomplete fusion of the races 
from which the present inhabitants of Britain are derived. 

14. The more watery blood is probably to a large extent attribut- 
able to the Saxon and Scandinavian elements. 

15. By the appearance of an individual, noting the age and sex, 
and the colour of the iris, hair and complexion one can form a fairly 
accurate estimate of what the sp. gr. of his or her blood ought to be. 

16. A sp. gr. which would be normal in a light eyed person, may 
be a sign of disease in a dark eyed person. 

17. Poor physique goes hand in hand with a low sp. gr. of blood: 
and good physique with a high blood sp. gr. 

18. The effects of food are: (1) To cause an almost immediate 
change in the sp. gr. of the blood, due apparently to the stimulus of 
food-taking influencing the circulation through the vasomotor nervous 
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system. (2) To cause as a secondary effect the sp. gr. of the blood to 
be lowered some time after the taking of the food. 


19. Starvation is accompanied by a rise of the sp. gr. of the 


20. Regular exercise appears to increase the sp. gr. of the blood. 


22. Menstruation appears to cause a slight fall of the sp. gr. 

23. In chlorotic anaemia of young women which occurs from 15—26 
the sp. gr. is always below normal. It may be as low as 1030 and 
frequently is as low as 1035. This may be an exaggeration of a 
physiological condition. 

24. Another form of anaemia of ages between 15 and 26 which is 
characterized by pallor of the face, but without paleness of the lips and 
ears. They have no dilatation of the heart nor oedema and they are 
prone to suffer from headache of a characteristic type, and the sp. gr. of 
the blood is above the normal mean. 

25. In pernicious anaemia the sp. gr. is always below the lower 
limit of health, and the degree of fall which may even extend to 1029 
corresponds with the severity of the case. 

26. In valvular heart-disease the sp. gr. is normal or above normal 
while compensation is maintained, but becomes subnormal as compen- 
sation fails. 

27. In congenital heart disease the sp. gr. of the blood remains 
as high as in the new-born child. The highest sp. gr. (1072) I ever 
recorded (except in birds) was in a case of this kind. 

28. In acute nephritis the sp. gr. is either normal or subnormal. 

29. In chronic parenchymatous nephritis the sp. gr. is subnormal, 
except in certain cases in which there is much cardiac hypertrophy. 

30. In chronic interstitial nephritis and arterio-sclerosis the sp. gr. 
of the blood is normal or above the normal in those cases in which there 
is cerebral haemorrhage or a tendency to it. It is low when there is 
either cardiac failure or oedema, or a tendency to either. 

31. A knowledge of the sp. gr. of the blood in such patients is of 
value because it may show a tendency to either cerebral haemorrhage 

on the one hand or cardiac failure and oedema on the other. 
32. The diagnosis of cerebral haemorrhage may be rejected if the 
sp. gr. of the blood, in a suspected case, be found subnormal: but a high 
or normal sp. gr. of blood does not enable us to differentiate cerebral 
haemorrhage from other diseases which simulate it. 


21. Sleep is generally accompanied by a rise of the sp. gr. of the 
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blood. 
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33. In gout associated with renal disease the sp. gr. of the blood is 
apparently always low. 

34. In scarlet fever the sp. gr. of the blood appears to be slightly 
increased. 

35. The sp. gr. of the blood was found to vary in a different manner 
throughout the course of the fever in different patients. It became low 
in cases complicated with nephritis: but in one case the sp. gr. trans- 
gressed the upper limit of healthy variation, and no reason could be 
assigned for its doing so. 

36. In the first week of typhoid fever the sp. gr. is not much 
changed: but in the second and third weeks there is a marked fall: and 
this change is most marked in severe cases. 

37. The sp. gr. of the blood in cases of typhoid is of considerable 
prognostic value. 

38. In rheumatic fever the sp. gr. of the blood is below normal. 

39. In cirrhosis of the liver the sp. gr. of the blood is frequently 
very low but may be normal. 

40. In Diabetes mellitus and D. insipidus the sp. gr. is always 
within the healthy limits and usually above the mean. 

41. In cancer the blood sp. gr. falls with the degree of severity 
of the case. In the earlier stages it may be normal. 

42. In scurvy the blood sp. gr. is very low. 

43. In phthisis the sp. gr. is subnormal. 

44. In syphilis it is also low. 

45. In myxoedema the sp. gr. was subnormal in six cases. 

46. In lead poisoning it is low. 

47. Local changes of the blood sp. gr. are observed in cases of 
recent hemiplegia from cerebral haemorrhage, the sp. gr. being lower on 
the paralysed side. 

48. Similar changes were observed in cases of hemiplegia from 
embolism, and in a case of lepra anaesthetica. 

49. The sp. gr. of the blood is frequently above the normal in 
certain diseases of the nervous system, such as locomotor ataxia, spinal 
irritation and the post epileptic state. 
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Jhart showing the results of observations on the sp. gr. of the blood of healthy males of different ages 
and the upper and lower limits of variation consistent with health. 
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Variation in sp. gr. and of amount of haemoglobin 
in blood at various periods of life. 
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Chart showing variations in mean specific gravity 
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Chart shewing the limits of daily 
variation of the sp. gr. of the 
blood of individual (A) 
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Chart shewing the limits of daily 
variation of the sp. gr. of the 
blood of individual (B). 
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gravity of blood of males and females from infancy to old age. 
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in cases of Typhoid Fever. 
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Curve shewing the sp. gr. of the blood in cases of Scarlet Fever. 
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ON THE COURSE AND CONNECTIONS OF THE SECRE- 
TORY FIBRES SUPPLYING THE SWEAT GLANDS 
OF THE FEET OF THE CAT. By J. N. LANGLEY. 
F.RS., Fellow and Lecturer of Trinity College, Cambridge. (Plates 
XII. and XIII) 


It is known from the experiments of Goltz, Ostroumoff, Luchsinger, 
Navrocki and others that secretory fibres for the hind feet of the cat, 
arise from the spinal cord in the lower thoracic and upper lumbar regions, 
run to the sympathetic chain and thence to the sciatic; and that 
secretory fibres for the fore feet leave the spinal cord in the 4th thoracic 
nerve, run thence to the sympathetic, pass through the ganglion stel- 
latum to the brachial nerves. 

My own experiments have been made with the object of deter- 
mining 

(1) Whether the sympathetic secretory fibres are connected with 
peripheral nerve-cells, and if so, in what ganglia. 

(2) The course taken by the sympathetic fibres in passing to the 
sciatic. 

(3) Whether there are any direct spinal secretory fibres, i. e. 
secretory fibres which do not pass through the sympathetic 
system—a question on which there has been much difference 
of opinion. 

In the course of the experiments some other points requiring 

investigation naturally presented themselves. 

The animals were all rendered anesthetic, the anesthesia being 
produced in the following manner: chloroform was first given, then 
about 2 cubic centimetres of 2 p. c. morphia—the amount varying with 
the size of the animal—were injected subcutaneously ; tracheotomy was 
performed and a branch of the tracheal tube connected with a bottle 
containing equal parts of chlorofurm, ether and absolute alcohol (a, c, e 
mixture). | 
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Hind Feet. 
The Spinal Nerves which give Secretory Fibres to the Sympathetic. 


Luchsinger observed secretion on stimulation in the spinal canal 
of the 12th and 13th thoracic, the Ist, 2nd, 3rd and 4th lumbar nerves, 
and sometimes also on stimulation of the 11th thoracic nerve. 

Other observers found a narrower range of origin of the sympathetic 
secretory fibres. Thus Vulpian only found secretion from stimulating 
the first two lumbar; Navrocki from stimulating the first two lumbar 
and the last dorsal; Ott from stimulating the first two lumbar and last 

three dorsal, the lumbar nerves giving more secretion than the dorsal. 
Ihese results may be put in a tabular form as follows: 


stimulated |\Luchsinger|Luchsinger| Vulpian | Navrocki| Ot 


0 
slight secr. 
0 


— 


In this table O indicates that the nerve was stimulated and no secretion 
obtained; and a blank space indicates that the author implies, but does not 
definitely state, that the nerve was stimulated and no secretion obtained. 


It is known that in old cats, the secretion of sweat is less free than 
in young ones, and that there are also individual differences in the 
amount of sweat produced in given circumstances; further it is known 
that the secretion is less free in cold than in warm feet. 

When a young cat, in which the secretion is abundant, is taken, 
there is, as will be shown presently, a very obvious difference between 
the amount of secretion produced by stimulation of the different effective 
spinal nerves; the maximum amount of sweat for a given stimulus is 
obtained from one or more nerves about the middle of the series; the 
highest and the lowest nerve producing less, and sometimes a mere trace 
of sweat. | 

If, then, in a cat the secretion of sweat is less than normal, either in 
consequence of age, individual peculiarity, or of low temperature—and 
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the temperature falls considerably during a protracted experiment—we 
should fairly expect that the uppermost and lowermost of the spinal 
nerves which contain secretory fibres should fail to produce a secretion, 
gat any rate a secretion visible to the eye. And in this manner the 
result obtained by Vulpian and Navrocki may perhaps be harmonized 
with the result obtained by Luchsinger. 

But there is another fact which must be taken into account. It 
happens occasionally that an extra vertebra, and an extra spinal nerve 
are present in the cat; the extra vertebra may or may not have a short 
rib attached to it; that is, whilst usually there are in the cat 13 
thoracic and 7 lumbar nerves, there may be either 14 thoracic and 7 
lumbar nerves, or 13 thoracic and 8 lumbar nerves. Such an ex- 
pression then as the 4th lumbar nerve lacks definiteness, and the results 
obtained by stimulating this nerve in one cat, cannot, without further 
knowledge of the number of nerves present, be transferred to the 4th 
lumbar nerve of other cats. 

According to Luchsinger the 4th lumbar nerve 88 causes 
secretion of sweat in the hind foot; I have only obtained this once, and 
then there was an extra lumbar nerve present, and the 4th lumbar 
corresponded in its course with the 3rd lumbar of the normal 
animal. 

It is matter of some consequence how the lumbar nerves are to be 
reckoned when an extra nerve occurs; the enumeration that will probably 
commend itself to most observers is that which most nearly represents 
the homologies of the nerves. The extra nerve might be the result of 
the reduplication of a single segment, or it might involve an alteration 
in the constitution of a greater or less number of other nerves. 

I have only attempted to work this out to the extent that is 
necessary to form an opinion as to the best method of numbering the 
spinal nerves, when an extra one exists. With this object I have 
dissected out the lumbar nerves in 18 cats. Of the 18, one had an 
extra thoracic vertebra and nerve, and one an extra lumbar vertebra 
and nerve. The number of the cervical vertebrae was the same in all. 

In the 16 cats with the normal number of nerves, the nerves 
did not in any two cases exactly correspond. The differences between 
them to which I have paid attention concern the relative size of the 
strands sent off by the four lower lumbar spinal nerves to the genito-crural, 
external cutaneous, crural, obturator and sciatic nerves. On the basis 
of these differences we may distinguish three main arrangements of the 
lumbar nerves as follows (cp. Figs. 1—3, Plate XII.). 
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Crigin of Class 1 Class 2 Class 3 
Genito. | 1V¥—all or nearly all | IV IV 
crural V—? small filament 


External TV—small filament IV- rather more than 4 IV 


V—chief origin V—rather less than 4 
IV—? small filament | IV- small filament Bae > than in 
Crural | y—about 3 | V—rather more than ; V. about f 
VI-about # rather less than 4 VI- about 4 to 0 
Iv—0 1V—? small filament 1V—small filament 
Obturator | V—about } V—rather less than 3 V—about f 
VI—about # Vi—rather more than4 | VI—about } 


VI mall strand VI- rather large strand | Vi—large strand 

Vil—large strand VII- large strand VII- larger than VI 

Sciatie I—large but < VII I—about as large as VI | I- considerably less than 
II—as large Pood or V 


strand from VI 


II small strand II very small strand 


It will be seen that passing from class (1) to class (3) the number of 
fibres from the upper origins of the various peripheral nerves increase, 
and those from the lower origins decrease ; thus with the sciatic, in class 
(I) the strand coming from the Ist sacral nerve is five or more times as 
large as that coming from the 6th lumbar; whilst in class (3) it is 
4 to } the size of the 6th lumbar strand. 

It must be noted that the variations in the origins of the different 
peripheral nerves do not as a rule keep quite equal step; and it happens 
not infrequently that in an animal, the origin of the sciatic may be 
that given in class (1) or class (3) and the origin of the crural or 
obturator that given in class (2). Moreover the origins are not always 
the same on the two sides. Taking the origins of all the nerves into 
consideration, of the 16 cats I have dissected, I should place two in 
class (1), six in class (2), and three in class (3); one being intermediate 


between class (1) and class (2), and two intermediate between class 
(2) and class (3)’. 


1 Two drawings of the lunibo-sacral plexus of the cat have been kindly sent me by 
Mr Sherrington; the origins of the nerves in one of these comes under class (1) except 
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In the two remaining cases there were greater variations; representing 
the origin of the different nerves described under Class 1, Class 2, and Class 3, 
by (1), (2), (3), these two cases were as follows: in one, external cutaneous 
(2) to (3), crural (2), obturator (1) to (2), sciatic (3); in the other, external 
cutaneous (3), crural (2), obturator (1), sciatic (2). 

The first three lumbar nerves do not so far as I have observed join 
the lumbar plexus; each soon divides into two main branches (op. Figs. 
1—3). The 2nd sacral in all cases gives off the chief strands to the 
nervus erigens. | 


Leisering and Müller“ state that in carnivora, the upper lumbar nerves 
take part in the formation of the lumbar plexus; that the crural arises from 
the 3rd, 4th and 5th lumbar nerves, the obturator from the 4th, 5th and 6th 
lumbar nerves. 

Chauveau and Arloing? state that the lumbo-sacral plexus is formed by 
the four last lumbar and the first two sacral nerves, and that the crural and 
obturator arise from the 4th, 5th and 6th lumbar nerves. 


We may now turn to the ‘wo cases in which an extra spinal nerve 
was present. In the case with 14 thoracic and 7 lumbar nerves, the 
first three lumbar ran in the usual way; the lower lumbar nerves were 
arranged in the manner given in class (3) above. The only differences 
to be noted were that the 5th gave more and the 6th much less to the 
crural nerve, whilst the 5th gave rather less and the 6th rather more 
to the obturator nerve, than the proportions given in the Table. 

Here then the presence of an additional thoracic nerve was not 
associated with a variation in the arrangement of the lower lumbar nerves 
greater than that which may occur with the normal number of thoracic 
nerves ; the extra nerve appears to me to have arisen from a redupli- 
cation of the 13th thoracic nerve-segment. 

In the case of the cat with eight lumbar nerves (Fig. 4), the first four 
ran a course like that usually taken by the first three. And, reckoning 
the fifth nerve as homologous with the normal 4th lumbar, it results 
that the arrangement of the lower lumbar and upper sacral nerves 
is that given as existing normally in class (3). The only divergence 
from the scheme given in the Table is that the upper origins of 
the crural, obturator and sciatic are here rather larger, and the lower 
origins rather smaller. On one side indeed no fibres were traced from 


that the 1st sacral nerve is rather smaller, ee ee 
obturator nerve is (2) to (3). 

1 vergl. Anat. der Haus- Sdugethiere, vi. Auf. 1885. 

Anat. comp. des animaux domestiques, Ed. 4, 1890. 


* 

4 

2 
{ 

* 
* 


— 


332 J. N. LANGLEY. 


the 6th (actual 7th) lumbar nerve to the crural. The extra nerve 
here was, I think, due to a reduplication of the Ist lumbar segment. 

The general results of the above anatomical observations are then that 
in animals which. have the same number of spinal nerves, the anatomi- 
cally corresponding lumbar nerves are only partially, and to a varying 
degree, homologous ; and that when there is an additional lumbar spinal 
nerve, the homologies of the lumbar nerves will be better preserved by an 
enumeration of them which omits to reckon the extra nerve as one of 
the seven lumbar. In my experiments upon the origin of the secretory 
fibres from the cord, I have only two cases of an extra nerve to consider 
those I have mentioned above, experiments (1) and (4) of the table given 
below ; the 14th thoracic I shall call the extra thoracic nerve, the Ist 
lumbar nerve when there are eight, I shall call the extra lumbar nerve. 

I have already indicated the probability that the different results 
obtained by different observers as to the origin of the sympathetic 
secretory fibres for the hind foot may be due (1) to individual variation 
in the secretory power of the sweat glands, (2) to disregard of the 
occasional occurrence of an additional spinal nerve. This I think will 
be supported in the main by a comparison of the following table 
giving the results of all the experiments I have made with that given 
on p, 348, of the results of previous observers. 


| 


(1) 8) (4) (5) (6) 7) 
x 0 — 
xl — 10 | tslight | 0 0 0 * 
XII [moderate slight | tslight| 10 0 0 
XIII slight |) 
extra 6 alight 9 
thoracic moderate 
extra 
lumbar ® good |} good |} good |} slight f slight fair — 
I good 
II good moderate copious moderate“ slight | fair | — 
oderat 
III Slight |good<I| 10 — 0 98 — 
IV 0 0 0 0 | 0 
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In this table —, indicates that the nerve was not stimulated. 

0, indicates that the nerve was stimulated with tetanizing 
shocks of varying strength, and no trace of secretion ob- 
served. 

10, indicates that sometimes on stimulation I was not quite 
certain that there might not have been a trace of secre- 
tion. 

slight, indicates that on stimulation a slight secretion was some- 
times observed, but that it could not be constantly ob- 
tained, and so might have been due to some other cause 
than the stimulus’. 


I conclude from these experiments that there is in different cats 
some variation in the relative number of secretory fibres contained in 
the several spinal nerves; that the maximum number of secretory 
fibres may be either in the Ist or 2nd lumbar, that the 13th 
dorsal has rather fewer than either of these; and that the 
12th dorsal and 3rd lumbar have fewer secretory fibres than 
the 13th dorsal. 

With regard to the 11th dorsal and 4th lumbar nerves, whilst in 
some cats they may possibly contain a few secretory fibres, I do not 
think that the evidence in favour of this is satisfactory. 

I have not been able to find any constant difference in the amount 
of secretion in different parts of the foot on stimulation of the different 
spinal nerves ; iu most cases—as with the sympathetic—the pad seeretes 
more readily than the toes; sometimes the inner and outer toes secrete 
less readily than the rest, and there are other variations, but as a rule 
the part which secretes most freely on stimulating one nerve does so 
also on stimulating each of the others. 


Places of exit of Secretory Fibres from the Sympathetic Chain. 


As I shall have frequent occasion to speak of the sympathetic 
ganglia by number, to refer for example to the 5th, 6th or 7th lumbar 
ganglion, it is necessary to explain the meaning to be attached to the 
numbers. This is not determined by taking the first ganglion in the 
lumbar region as the Ist and the other in succession as the 2nd, 3rd, 4th, 
&c.; on that method of counting the 6th lumbar ganghon—for example 

1 A slight secretion is more easily seen on pigmented than on unpigmented feet. 
There are generally a few shining scales on the foot simulating the appearance of small 


sweat drops; these should be removed by washing the foot with warm water. It is 
advisable to wash the foot whenever a slight, or a localized, secretion is to be noted. 
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—would usually have no direct connection with the 6th lumbar nerve. 
The determining point is the course taken by the grey ramus; the 
ganglion which sends its grey ramus or rami to the 5th, 6th or 7th lumbar 
nerve is the 5th, 6th or 7th sympathetic ganglion. Typically a sym- 
pathetic ganglion lies mid-way on its vertebra, and sends its grey ramus 
or rami obliquely downwards and dorsally with the inter-vertebral artery 
and Vein to the spinal nerve coming out below the vertebra. Consider- 
able variation occurs, but in all cases with a little care the grey ramus 
between ganglion and nerve can be traced. 

If the lumbar sympathetic be cut above the 6th ganglion, stimulation“ 
of the sympathetic chain at any point above the cut does not produce 
secretion in the hind foot; i.e. no secretory fibres to the hind foot are 
given off from the sympathetic higher than the 6th lumbar ganglion. 
In making the experiment it is best in order to avoid reflex movements 
to cut the white rami communicantes. 

If the sympathetic be ligatured and cut below the 2nd sacral 
ganglion, and the peripheral end be stimulated, no secretion is produced, 
i. e. no secretory fibres to the hind foot are given off from the sympathetic 
below the 2nd sacral ganglion. 

The final determination of the places of exit is best made by 
ligaturing and cutting the sympathetic chain immediately below each 
ganglion from the 5th lumbar to the 2nd sacral inclusive. Thus four 
preparations are obtained, each consisting of a portion of the sympathetic 
chain, with a ganglion below, and the grey ramus running from it to a 
spinal nerve. Such a preparation may for convenience be spoken of as 
a nerve and grey ramus preparation. The effect of stimulation is the 
same to whatever part of the preparation the stimulus is applied, but it 
is much more convenient and affords much less chance of escape of 
current to take the ligatured piece of nerve above the ganglion. 

Usually each of these preparations when stimulated causes a secre- 
tion in the corresponding hind foot; ie. usually the sympathetic 
secretory fibres for the hind foot leave the sympathetic by 
the grey rami of the 6th and 7th lumbar, and of the Ist 


and 2nd sacral ganglia running in the corresponding spinal 
nerves, 


1 According to Vulpian the lumbar sympathetic often produces on stimulation no 
secretion in the foot, and when it does usually requires strong shocks. In the considerable 
number of experiments which I have made, the sympathetic was always capable of 
producing a secretion, and it can commonly be obtained with tetanizing shocks which 
cannot be felt on the tip of the tongue, 


13 
| 


SWEAT NERVES. 355 


The exceptions which occur affect the 6th lumbar and the 2ud sacral 
nerves, In considering the frequency of these, we may take into 
account experiments not made exactly in the manner just given, in 
so far that nicotin was injected into a vein (cp. p. 359), and the ganglion 
or grey ramus stimulated. It must be noted that in this case the grey 
ramus should be isolated sufficiently to place electrodes under it; if the 
electrodes are simply placed upon the ganglion, or under a mass of 
tissue containing the grey ramus, a very strong stimulus may be required 
to cause a secretion. 

In 17 experiments I have only failed twice to obtain evidence 
of secretory fibres in the grey ramus of the 6th lumber ganglion. 
These were the two cases mentioned above (p. 350) as having the 
lumbo-sacral plexus arranged on the type of class (1); the 6th lumbar 
nerve sent but a small strand to the sciatic. It is possible that a 
few secretory fibres were present, but too few to cause any obvious secre- 
tion in the conditions of the experiment. With the 2nd sacral grey 
ramus the exceptions have been more numerous, in nearly all these 
cases the lumbo-sacral plexus was arranged as in class (3), that is 
the sacral strands to the sciatic were smail. 

I have stimulated the 5th lumbar sympathetic ganglion and its ra- 
mus in a considerable number of experiments, in order to make certain 
that no secretory fibres take this path and proceed along the 5th nerve, 
and always with the same negative result. Since it is known that the 
sciatic alone contains secretory fibres for the foot, the absence of effect 
on stimulating the ramus of the 5th sympathetic ganglion, harmonizes 
with the anatomical absence of any strand from the 5th spinal nerve to 
the sciatic. 

Relative number of secretory fibres in the grey rami. The amount 
of secretion obtained by stimulating with a given stimulus each of the 
four preparations mentioned above is not the same. Considerably more 
secretion is obtained from the nerve, ganglion, and grey ramus, attached 
to the 7th lumbar or Ist sacral nerve, than from those attached to the 
6th lumbar or 2nd sacral nerve. There are certain individual variations 
but as a rule, the 7th lumbar grey ramus contains rather 
more secretory fibres than the Ist sacral grey ramus; the 
grey ramus of the 6th lumbar nerve contains comparatively 
few secretory fibres, but rather more than the grey ramus 
of the 2nd sacral. 
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Area of the Foot supplied by each Grey Ramus. 


In young cats, and in cats which secrete freely, sweat breaks out 
over the whole of the hairless part of the foot on stimulating each 
nerve and grey ramus preparation, but the amount of sweat is not 
the same on all parts. The 6th lumbar ramus produces a secretion 
chiefly on the inner part of the foot; the 2nd sacral a secretion chiefy | 
upon the outer part of the foot. The amount of secretion on the toes 
diminishes in the one case from the inside outwards, and in the other 
from the outside inwards. In animals which secrete less freely, the 
difference in the area of distribution in the rami is still more marked; 
thus the 6th lumbar may cause a marked secretion on the inner half 
of the pad, and the 2nd toe; a slight secretion on the 3rd toe, but 
none on the outer half of the pad, or 4th or 5th toes; whilst the 2nd 
sacral may cause a marked secretion on the outer half of the pad and 
5th toe, a slight secretion on the 4th toe, but none on the inner half of 
the pad, the 3rd toe and 2nd toe. Further, the area on which sweat 
appears is sometimes still more restricted, only the most lateral part 
of the pad and one toe being affected; this is more common with the 
2nd sacral grey ramus, than with that running to the 6th lumbar nerve. 

Stimulation of the Ist sacral preparation produces a copious secretion 
on the outer half of the pad, and on the 5th and 4th toes; and a less 
copious secretion on the remainder of the hairless portion of the foot ; 
but sometimes the difference in the effect on the two halves is not 
marked. 

Stimulation of the 7th lumbar ramus gives less local effects; as a 
rule it causes a good secretion over the whole area, but most on the 
middle of the pad and on the 3rd and 4th toes. 

A certain amount of irregularity in the results is produced by 
variations in secretory power in different parts of the foot; one toe— 
generally the outermost or innermost—or some part of the pad, may 
sweat but little with any stimulus; this is probably the result of acci- 
dental cuts or of epidermic growth on the skin. In such regions 
pilocarpin causes much less secretion than in the rest of the hairless 
part of the foot. Sometimes also a local increase of irritability, lasting 
10 or 15 minutes, results from stimulating one ramus two or three times 
in succession. 

Taking these matters into consideration, I conclude that usually each 
grey ramus supplies secretory fibres to the whole of the hairless 
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part of the foot, but that the maximum number of fibres in 
the successive rami from above downwards, run to successive 
strips of the foot from the internal to the external border. 

A diagrammatic representation of the amount of secretion produced in 
different parts of the foot by stimulation of each grey ramus is given in 
Fig. 5, Plate XIII. 

One might not unnaturally expect that the peripheral distribution 
ot the several grey rami should be determined by the peripheral 
distribution of their respective spinal nerves; and I believe this to be 
the case, subject perhaps to some variation when one nerve joins another 
in its course. 

The distribution of the motor nerves which make up the lumbo- 
sacral plexus of mammals so far as it concerns the movement of skeletal 
muscles has been made a subject of observation by Panizza’ and by 
Ferrier and Veo“. Their observations give no basis for believing that 
there is a difference of distribution of motor fibres like that which 
I find occurs with the secretory fibres. On the other hand the dis- 
tribution of the sensory fibres to the foot as described by Tiirck in the 
dog, bears a certain resemblance to the distribution of the secretory 
fibres in the cat. I do not propose however to discuss this point, since 
Mr Sherrington, who has for some time past been working on the 
distribution of the sensory fibres of the spinal nerves, informs me that 
the spinal nerve areas as given in Tiirck’s figures require considerable 
modification. 

When stimulating the lumbar and sacral nerves in the spinal canal, 
I have as a rule noted the movements which were caused in the leg. 
Ferrier and Yeo, in the four complete experiments performed by them 
on the monkey, found that the movements resulting from the stimulation 
of the several nerve roots were very uniform. This was not the case in 
my experiments, probably in consequence of their being more numerous. 
The movements differ according to the arrangement of the lumbo-sacral 
plexus“. In most cases, the lumbo-sacral plexus being arranged as, or 
nearly as in Class (2), the characteristic movements produced by the 
several nerves are: 5th lumbar, flexion of thigh; 6th, extension of thigh, 
leg and foot, claws may be protruded but the toes are not separated ; 7th, 
extension of thigh and leg, less strong in thigh than with 6th, claws out 
and toes widely separated; Ist sacral, weak contraction in leg, foot flexed ; 


1 See Froriep’s Notizen, No. 945. March, 1835. 
2 Proc. Royal Soc., Vol. XXXII. p. 12, 1881. 
3 The strength and duration of the stimuli also causes some variation. 
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2nd sacral, flexion of toes and usually slight flexion of foot, root 
of tail moved to same side; 3rd sacral, movement root of tail to same 
side, no movement in leg or foot. As the origins of the nerves become 
shifted upwards, the movements generally produced by any one nerve 
are more or less completely produced by the one above it, and the 2nd 
sacral nerve may have no effect on the foot. 


The most striking instance of this which I have noted I give in detail ; in 
this cat the lumbo-sacral piexus was an exaggerated instance of Class (3), thus 
the 4th nerve sent a largish strand to the crural and obturator ; the 6th nerve 
sent no strand to the crural, the 6th nerve was larger than the 7th, and the 
lst sacral was very small. 

On stimulation of the 4th lumbar nerve, the thigh was flexed, rotated 
slightly inward; the lower leg and foot were extended feebly, the toes 
sometimes being drawn backwards. 

On stimulation of the 5th lumbar nerve, there was strong extension of the 
thigh, leg and foot, strong inward rotation of thigh, the foot was moved across 
to the opposite side. 

On stimulation of the 6th lumbar nerve the thigh assumed a position 
between flexion and extension, or was extended, the claws were protruded and 
the toes widely separated. 

On stimulation of the 7th lumbar nerve the leg was extended, the contrac- 
tion in the thigh being rather weak, the plantar surface of the foot was 
slightly rotated inwards and the lower leg and foot jerked upwards to the 
median line; the toes were somewhat separated, and the claws moderately 
protruded, there was also movement of the root of the tail to the same side. 

On stimulation of the let sacral nerve there was slight flexion of the foot 
and toes with abduction of the two outer toes, and movement of the root of 
the tail. 

The 2nd sacral had no effect on the leg or foot. 


Position of the Nerve-Cells connected with the Secretory Fibres. 


The experiments described above do not give any information as to 
where the secretory fibres are connected with nerve-cells, nor indeed do 
they show that such connection exists. 

It is clear that the possible connections are many and varied; there 
are five or more strands of secretory fibres leaving the cord at different 
levels, and traversing a different number of sympathetic ganglia; 
anatomically the uppermost fibres traverse not less than six, and may 
traverse nine or ten ganglia; and anatomically the lowermost fibres 
traverse not less than three and may traverse six ganglia. 
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With the aid of nicotin there is no great difficulty in determining 
the actual connection. 

We will first consider in which ganglia secretory fibres normally 
have connections with nerve-cells, leaving the exceptions to be taken 
later. 

Stimulation of the lumbar sympathetic between the 5th and 6th 
ganglia readily produces, as we know, a secretion. If, when this has 
been obtained, 10 to 15 milligrams of nicotin are injected into a vein’ 
and the lumbar sympathetic be again stimulated in the same, or any 
higher place, no trace of secretion results, but a secretion is obtained on 
stimulating any one of the ganglia from the 6th lumbar to the 2nd 
sacral inclusive, the grey rami proceeding from them, or the sciatic. 

The experiment may be varied by applying nicotin locally to the 
ganglia. The sympathetic and its ganglia should be freed from sur- 
rounding connective tissue, and warm 1 p.c. nicotin applied with a brush. 
From the 7th lumbar to the 2nd sacral ganglia, it is advisable to apply 
nicotin to the nerve between the ganglia as well as to the ganglia 
themselves, since in this region the nerve-cells are not always confined 
to the obvious ganglionic swellings; the nicotin must be applied 
thoroughly, but not too frequently, or in too great quantity, otherwise 
the nerve-fibres as well as the nerve-cells lose for a time their irrita- 
bility. Fortunately there is no difficulty in determining when the 
application of nicotin has been carried so far as to destroy the irritability 
of the nerve-fibres, for there are other fibres which pass through this 
region, the irritability of which, when nicotin is applied to the 
sympathetic trunk apart from the ganglia, runs a parallel course with 
that of the secretory fibres. These are (1) fibres running to the 
external generative organs“, and (2) fibres running to the hairs of the 
tail'. The latter give the most convenient test of the state of the 
nerve-fibres. 

If, then, nicotin has been applied to the ganglia from the 6th lumbar 
to the 2nd sacral ganglia inclusive, the results of stimulation, so far as 
the secretory nerves are concerned, are the same as those obtained when 
nicotin has been injected. Stimulation above the 6th lumbar ganglion 
produces no secretion ; stimulation of the rami of the 6th and 7th lumbar, 
of the Ist and 2nd sacral ganglia causes secretion in the normal manner. 

1 Since nicotin, when injected after the abdomen has been opened and the viscera 
cooled, not infrequently causes death; it is advisable whenever the nature of the ex- 
periment allows of it, to inject nicotin before laying bare the sympathetic. In such cases 
I usually give a larger dose of nicotin, viz., 30 to 100 mgrs. 


2 Langley. This Journal, XII. No. 1, 1891. (Proc. Physiol. Soc. Dec. 13, 1890.) 
3 Langley and Sherrington. This Journal, xm. p. 285, 1891. 
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That the absence of secretion on stimulating above the 6th lumbar 
ganglion is not due to the nicotin having injured the conductivity of the 
nerve-fibres is shown by the stimulation causing erection of the hairs 
of the tail, vaso-constriction and other effects in the external generative 
organs. 

From the combined results of injection and of local application 
of nicotin, I conclude, that ordinarily all the secretory fibres are 
connected with nerve-cells in one or other of four ganglia, 
viz. the 6th and 7th lumbar, the Ist and 2nd sacral, including 
in these ganglia outlying cells if there are any; and that no 
secretory fibres are connected with nerve-cells of the sym- 
pathetic type peripherally of these ganglia. 

The exceptions I have alluded to at the beginning of the section 
refer partly to the cases mentioned above in which the 6th lumbar or 
the 2nd sacral grey ramus apparently contains no secretory fibres; in 
these cases there is no evidence of secretory nerve-cells in the corre- 
sponding ganglia. 

A further exception is that occasionally, there is evidence of some 
secretory fibres ending in nerve-cells in the 5th lumbar ganglion, the 
fibres from the nerve-cells descending the sympathetic and running 
out in the grey ramus of the 6th ganglion. This occurred in two 
experiments out of fourteen. In one of these experiments nicotin was 
applied locally to the ganglion, in the other nicotin was injected. The 
latter form of the experiment is for this particular matter more satisfac- 
tory. After the injection of nicotin, and when the sympathetic had 
been cut below the 6th ganglion, alt h stimulation above the 5th 
ganglion was without effect, a slight tion was obtained by stimu- 
lating below the 5th. The sympathetic was ligatured and cut below 
the 5th ganglion, and its lower end stimulated ; secretion was still 
produced. I should be inclined to attribute the secretion to an escape 
of current along the nerve to the 6th ganglion, but that in other 
experiments, stronger shocks and applied closer to the ganglion caused 
no secretion. I conclude then, that in rare cases a few secretory 
fibres join nerve-cells in the 5th lumbar ganglion, pass down 
the sympathetic and issue by the grey ramus of the 6th 
ganglion. 

This conclusion I adopt the more readily because of the results 
obtained on the lower ganglia. 

Nicotin is injected into a vein, and a nerve and grey ramus prepara- 
tion is made of each of the four ganglia normally containing secretory 
nerve-cells, A secretion can of course be obtained by stimulating the 
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rami, a secretion sometimes is, and sometimes is not, obtained on 
stimulating the nerve centrally of the ganglion. When it is obtained it 
indicates that some secretory fibres are being stimulated between their 
nerve-cells and the nerve-ending, i.e. that these fibres are connected with 
nerve-cells in some ganglion higher up than the one on the particular 

preparation. 

But before giving the results of such experiments, it is necessary to 
deal with some others made on similar lines. In these the nerve 
is stimulated—after injection of nicotin—between two ganglia, the grey 
ramus of the ganglion immediately below having been cut; in these 
circumstances I have not observed any secretion, and I conclude that 
the fibres issuing from secretory nerve-cells do not run 
down the sympathetic past more than one ganglion at the 
most. But I must mention that my experiments on this point, have 
not been very numerous. 

Turning back to the previous form of experiment, we may conclude 
that when the nerve of a nerve and grey ramus preparation is, after nicotin 
injection, capable of producing a secretion, the preparation contains 
secretory nerve-fibres proceeding from the ganglion immediately above. 
The results I have obtained are as follows: stimulation above the 7th 
ganglion caused a secretion five times out of fifteen experiments; 
stimulation above the Ist sacral ganglion caused a secretion six times 
out of nine experiments; stimulation above the 2nd sacral ganglion 
caused a secretion twice out of three experiments. The secretion was 
never great, although usually perfectly distinct. 

So far then it appears that in all cases the majority of secretory 
fibres which become connected with nerve-cells in a particular 
ganglion continue their course in the grey ramus of that 
ganglion; in some cases, all the fibres take this course; in 
others, a few fibres run down the sympathetic to issue by 
the ramus of the ganglion below. 

It will have been seen from the details given above, that the 
descending fibres from nerve-cells occur more often with the 7th lumbar 
ganglion than with the 6th ; since the stretch of nerve between 6th and 
7th lumbar ganglia is appreciably larger than that between the 7th 
lumbar and the Ist sacral the suspicion may be awakened that the 
difference is due to the greater chance of escape of current on stimu- 
lating the shorter nerve. I am however more inclined to attribute it to 
a greater variability in the position of the nerve-cells in the lowermost 
lumbar and the sacral regions, Certainly abnormalities in size and 
position are more frequent in the sacral ganglia than in the 6th lumbar 
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ganglion. There may be an almost unbroken row of cells between the 
7th lumbar and the Ist sacral ganglia. I have never observed this 
between the 6th and 7th lumbar ganglia. The relative size of the 
sacral and last lumbar ganglia varies very considerably, indicating 
that homologous nerve-cells may in one animal be in one ganglion, 
and in another animal in a higher or lower one. Lastly although 
the 6th ganglion is sometimes sbifted in position, so that it is con- 
tinuous or nearly so with the 5th, the shifting is less frequent than 
with the Ist and 2nd sacral ganglia, which are not uncommonly close 
to or even join the 7th lumbar and Ist sacral ganglia respectively. 

Probably then the 6th lumbar ganglion more nearly represents the 
typical sympathetic ganglion than do those below it. This ganglion as we 
have seen is usually the nerve-cell station for the secretory fibres which 
pass out by its grey ramus and for no other fibres. And this seems to 
me to be most probably the arrangement of the typical sympathetic 
ganglion. On the other hand, we have seen that sometimes the nerve- 
cells of the 6th ganglion send fibres down to the ramus of the 7th 
ganglion, and it is not impossible that a tissue which responded more 
obviously than the sweat glands to slight stimuli might show the pre- 
sence of such fibres more frequently. . 

Occasionally some of the nerve-cells of the sacral region send out 
their fibres by the grey ramus of the ganglion above them, but I have 
only noticed this when the typical arrangement of the nerve-cells 
was departed from. 

Note on the action of nicotin on the sweat glands. Luchsinger 
showed that nicotin caused a secretion of sweat, chiefly by action on the 
central nervous system. The amount of the secretion is greatly 
diminished by deep anzsthesia, and in my experiments nicotin not 
infrequently produced the merest trace of sweat or none at all. The 
secretion caused by nicotin is very brief, unlike that shown by 
Luchsinger (5), Navrocki (8) and Marmé to follow the injection 
of pilocarpin. Even after a very large dose of nicotin has been given, 
pilocarpin still causes a copious secretion of sweat. 


Illustrative Experiments. 


The following experiments are given to show the methods employed. 
The cats were anesthetized in the manner given on p. 347 by chloroform, 
morphia, and the a. c. e. mixture. Where nicotin was injected, artificial 
respiration was kept up, part of the air sent into the lungs being drawn 
through a bottle containing some of the a. c. e. mixture. In the account of 
the experiments, Stim, Iv—v indicates that the sympathetic was stimulated 
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between the 4th and 5th ganglia and so with other numbers. A du Bois 
Reymond’s induction coil was used; unless otherwise mentioned the index 
of the secondary coil was 8 c. m. from the primary; this gave shocks felt, but 
not strongly, on the tip of the tongue. 


Experiment I. 


Cat. Expose the left lumbar sympathetic from the 4th to the 6th gang- 
lion. Tie and cut just below the 4th ganglion. 

Stim. Iv uv; secretion in foot, flushing; cornu of uterus of that side 

and end of colon paler. 

Ligature and cut sympathetic between v and vl. 

Stim. 1v—v; no secretion or change of colour in foot; cornu of uterus of 
that side and end of colon paler. 

Stim. v—v1; secretion ; foot paler. 

Ligature and cut sympathetic below v1. 

Stim. v—v1; secretion ; most on inside half of pad and on 2nd toe, little 
on 3rd and 4th toes; a trace on 5th toe; all paler, 2nd toe 
most; no effect on uterus or bladder. 

Stim. 1v—v; no effect on foot; brief contraction bladder, little pallor 
cornu of uterus. 

Cut through symphysis pubis; cut left nervus erigens, double ligature 
and cut superior hemorrhoidal vessels; expose 7th lumbar and Ist sacral 
sympathetic ganglia. 

Stim. vi—vi1; secretion, least on 2nd toe. 

Ligature and cut sympathetic below vu. 

Stim, vi— vn; secretion, most on two median tges (3rd and 4th). 

Stim. vii—1 ; secretion, less than before. 

Stim. v—v1; secretion on pad, most inner half and on 2nd toe. 

Apply nicotin 1 p. c. to 6th ganglion. 

Stim, v—v1; no secretion. 

Stim. ramus of vi; secretion on inner half of pad and on 2nd toe. 

Stim. vn; secretion. 

Apply nicotin 1 p.c. to 7th ganglion. 

Stim. vi—vi1 ; secretion, but much less than before. 

Apply nicotin copiously to 7th ganglion. 

Stim. vi- vi; secretion still obtained. 


Experiment II. 

Cat. Cut through symphysis pubis, cut nervus erigens, ligature and cut 
vessels running with it; expose well the left sympathetic with its ganglia from 
the 5th lumbar to the 2nd sacral. Tie and cut sympathetic below 5th ganglion. 
PH. XII. 25 
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Stim. v—v1; secretion copious. 

Apply warm 1 p.c. nicotin to 6th, 7th lumbar and Ist sacral ganglia. 

Stim. v—v1; scanty secretion on outer half of pad and two outer toes. 

Apply 1 p.c. nicotin to sympathetic, from 6th lumbar to 2nd sacral 
ganglia inclusive. 

Stim. v—v1; no secretion ; but there is erection of hair on tail. 

Stim. vi ramus ; little secretion on inner part pad and 2nd toe. 

Stim. vi- vn (uncut); no secretion. 

Stim. vn ramus ; secretion, most on mid part of pad. 

Stim. (uncut); no secretion. 

Stim. 1 ramus ; secretion, most on outer half of foot. 

Stim. 1 and 1 (uncut); no secretion. 

Stim. n ramus ; slight secretion on outer part of foot. 


Experment III. 


Kitten. Inject 30 mgrs. of nicotin into jugular vein; body movements 
very slight, probably in consequence of the amount of anesthetic given. Tie 
and cut left sympathetic below 4th lumbar ganglion, cut white ramus of 5th 
ganglion. 

Stim. 1v—v; no secretion. 

Stim. v ganglion ; no secretion. 

Stim. v—v1; no secretion. 

Stim. vi gungiion ; secretion, most on innermost part of pad, 2nd toe more 

than 3rd, 4th toe a slight secretion, 5th a trace. 

Stim. vi—vm ; no secretion. 

Stim. vn ganglion ; secretion. 

Stim. 1 sacral ganglioh ; secretion, slight on outer half. 

Stim. 1 sacral ganglion ; J trace secretion. 

The lower ganglia were here too close together to make it worth while to 
stimulate the sympathetic between them. 


On the Occurrence of Direct Spinal Secretory Fibres. 


According to Adamkiewicz, Vulpian and Ott the sciatic con- 
tains secretory fibres which leave the spinal cord in the roots of the 
sciatic. Adamkiewicz made no observation to determine in which 
roots of the sciatic, the secretory fibres were contained; Vulpian and 
Ott state that they occur in the 7th lumbar and Ist sacral nerves; 
Luchsinger in rare cases found such fibres to be present; Navrocki 
declares against their existence. 


My own experiments on this point are in complete accordance with 
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those of Navrocki. I have never seen a trace of secretion to result 
from stimulation of any one of the lower lumbar or sacral nerve- 
roots. As I have never found a case in which the lumbar sympathetic, 
or some one or more of the spinal nerves giving origin to the lumbar 
sympathetic, failed to produce a secretion, I do not think that the 
absence of effect on stimulating the sciatic nerve-roots can be 
attributed to experimental errors. And I conclude that the sciatic 
receives no secretory fibres except by way of the sympathetic. 

It may be said that the positive evidence in favour of the existence 
of direct spinal fibres is too great to allow it to be thus disregarded. 
A critical examination of the evidence does not lead me to take this 
view. 

Adamkiewicz’ conclusion rests on the following experiment; a cat 
was killed, cut in two between the thoracic and lumbar regions, the 
abdominal viscera were removed; electrodes were pushed into the cord at 
the place of exit of the sciatic plexus, and an interrupted current sent 
through them. Sweat was thus obtained on the tetanised hind feet. 

In this experiment, the connection between the upper lumbar cord, 
the sympathetic, and the sciatic, is intact; it is known that by stimu- 
lating the central end of one sciatic, a reflex secretion through this 
sympathetic channel can be obtained in the foot of the opposite side. 
And the secretion observed by Adamkiewicz is exactly what should 
occur in complete absence of direct spinal secretory fibres so long as the 
upper part of the lumbar cord retained a remnant of irritability. 

Further, another experiment given by Adamkiewicz tells against, 
instead of in favour of the existence of the fibres in question. The 
spinal cord was cut between the thoracic and lumbar regions, the central 
end of the sciatic on one side was stimulated, and sweat obtained in the 
foot of the opposite side. Then piece by piece the cord was cut away 
from above downwards, and after each cut the central end of the sciatic 
stimulated; the secretion became less and less, and was no longer 
obtainable when the cord was cut about the level of the 4th lumbar 
vertebra. That is to say when the afferent impulses could no longer 
ascend to the spinal origin of the sympathetic secretory fibres, no more 
secretion could be obtained, although the greater part, if not the whole 
of the origin of the sciatic was intact. 

Turning to Luchsinger’s experiments, in favour of direct spinal 
secretory fibres, a little consideration shows that they do not warrant 
the conclusion which has been drawn from them. In the first place, it 
must be mentioned that Luchsinger was for some time of opinion that 


25—2 


* 
h 
d 
i 
h 


366 J. N. LANGLEY. 


all the secretory fibres for the foot ran to the sciatic through the 
sympathetic. He never found that secretion followed stimulation of any 
nerve-roots below those of the 4th lumbar; and he did not at first find 
that any sweating in the hind feet was caused by dyspnœa, heating, &c., 
in an animal in which a portion of the lumbar sympathetic had been 
extirpated. Later however (16) he found in one or two cases that extir- 
pation of a portion of one lumbar sympathetic did not prevent a slight 
secretion from being obtained in the corresponding foot by stimuli 
acting on the central nervous system. In consequence of this observa- 
tion he concluded that direct spinal fibres were in rare cases present. 
We have seen above (p. 354) that secretory fibres leave the sympathetic 
by the rami of the 6th lumbar to 2nd sacral ganglia inclusive; in 
order then to cut off the sympathetic fibres of the sciatic nerve from the 
central nervous system, the sympathetic must be cut above the 6th 
lumbar sympathetic ganglion. Luchsinger says that he removed the 
last large sympathetic ganglion and two to three centimetres of the 
sympathetic above this. The last large sympathetic ganglion may be 
the 7th lumbar but is more usually the Ist sacral ganglion; and the 
operation described by Luchsinger would certainly in some cases leave 
the 6th lumbar ganglion intact; in these cases dyspnoea or heat would 


naturally cause a slight secretion in the foot on the operated side. 


The only positive experiments then, tending to show the existence 
of secretory fibres in the roots of the sciatic are those of Vulpian and 
Ott, who found that sweat was secreted on stimulation of the roots of 
the 7th lumbar and Ist sacral nerves, Against these are the much more 
numerous and uniformly negative results of Luchsinger, Navrocki 
and myself. 


Fore Feet. 
Origin of Sympathetic Secretory Fibres from the Spinal Cord. 


According to Navrocki (6) the sympathetic secretory nerves for 
the fore foot leave the spinal cord by the 4th thoracic nerve. He found 
that when the spinal cord was cut at the 3rd thoracic vertebra, dyspnoea 
and heat failed to cause secretion in either fore or hind feet; when the 
spinal cord was cut at the 5th thoracic vertebra, dyspnoea caused 
secretion in the fore foot but not in the hind foot. From these ex- 
periments it may fairly be deduced that secretory fibres pass from the 
cord by the 4th thoracic nerve, and not by any nerve above this; but it 
cannot be legitimately deduced from them that the thoracic nerves 
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below the 4th contain no secretory fibres. Navrocki (14) also showed 
that stimulation of the 4th nerve in the spinal canal caused secretion. 
Ott obtained a secretion on stimulating the 4th nerve in the spinal 
canal, but failed to obtain any on stimulating the 3rd or the 5th. 

Apart from this case, there is no instance in which any class of 
nerve-fibres contained in the sympathetic system, destined for a 
particular region, arise from a single spinal nerve; thus pupillo-dilator 
fibres, vaso-constrictors for ear, vaso-constrictor and vaso-dilators, 
constrictor and inhibitory fibres for various abdominal viscera, vaso- 
constrictor and vaso-dilators for fore and hind limbs; secretory fibres for 
hind foot all arise from two or more spinal nerves. Reflecting on this, it 
seemed to me extremely unlikely that secretory fibres for the fore foot 
should arise from a single spinal nerve. And investigation made 
it obvious that they do not. 

There are differences here in the range of the effective spinal nerves, 
just as we have seen there are differences in the case of the hind foot. 
In cats which do not secrete freely the upper and lower nerves may be in- 
effective. The maximum range which has occurred in my experiments 
is from the 4th to the 10th thoracic inclusive; but it was only on one 
side and in one experiment that stimulation of 10th thoracic caused a 
secretion ; since in the four other cases in which the 10th thoracic was 
stimulated no secretion was produced, I do not feel altogether certain 
about this nerve. In two cases the 4th nerve gave no secretion ; in one 
case it caused a trace, and in four a slight secretion. 

So far as my experiments have gone I should arrange the 
thoracic nerves in order of the number of secretory fibres in 
them as follows; the 7th, the 6th and 8th about equal, the 5th 
and 9th about equal, the 4th, and last and doubtfully the 
10th. 

If the 10th the doubtful secretory nerve for the fore foot, and the 
11th the doubtful secretory nerve for the hind foot both do contain 
secretory fibres, the secretory nerve wou!d issue from the cord for one 
foot or the other without break from the 4th thoracic to the 3rd lumbar 
inclusive. But this point must remain for further experiments to 


decide. 
Connection of Sympathetic Secretory Fibres with Nerve-Cells, 


It has been shown by Navrocki and Luchsinger that the 
sympathetic secretory fibres for the fore foot run to the brachial plexus 
from the ganglion stellatum ; we have seen that these fibres leave the 
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cord by the 4th to the 9th or 10th spinal nerves; thus the secretory 

fibres from the 9th spinal nerve pass through seven sympathetic ganglia, 

| those from the 8th spinal nerve pass through six ganglia and so on. 

| Thus the connections of the secretory fibres with nerve-cells might be 

| very complex; they are in fact very simple, they all end in the 

2 nerve-cells of the ganglion stellatum, and have no other con- 
nection with nerve-cells. 

The chief experiment requisite to show this is easy to make; the 
first four ribs are ligatured and cut through, preferably on the left side, 
the sympathetic at the level of the 4th rib is ligatured and cut below 
the ligature, on stimulation of the cut end—connected with the 
ganglion stellatum—there is, as stated by Navrocki, Luchsinger and 
others, ready secretion on the fore foot. Ten to fifteen milligrams of 
nicotin are injected into a vein, after this has been done, stimulation of 
the sympathetic below the ganglion no longer causes a secretion. 
Stimulation of the fibres proceeding from the ganglion to the brachial 
nerves at once produces a secretion; and this does not fail when a 
second larger dose of nicotin is injected. 

The same result, with much more striking accessories, may be 
obtained by the local action of nicotin to the ganglion. But the 
experiment is more difficult to make successfully. The ganglion 
stellatum is thick, and when nicotin is simply brushed over one surface, 
it does not readily reach all the cella. To allow a more ready pene- 
tration, the rami of the 2nd thoracic nerve, and the lower branch of 
the annulus of Vieussens with its accompanying grey fibres should be 
cut, and the connective tissue cleared away from both sides of the 
ganglion. Nicotin is brushed well over the whole surface of the 
ganglion, three or four times at intervals of about a minute. On 
stimulating a little below the ganglion, there is no secretion in the foot, 
but all the ordinary effects on the hairs of the side of the face, on the 
eye, and on the lips, &c. are obtained. The nicotin has paralysed the 
secretory fibres because they are connected with cells in the ganglion 
stellatum, it has not paralysed the fibres which pass into the cervical 
sympathetic, because these make no connection in the ganglion stellatum 
with nerve-cells. If the sympathetic is stimulated a little distance from 
the ganglion, say at the level of the 4th rib, there is normally no pupillo- 
dilator action; but the movement of the hairs between the eye and 
ear may be taken as a sign that the nicotin applied to the ganglion 
has not annulled the conductivity of the fibres passing through it. 

I have found considerable differences in different cases in the 
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amount of nicotin which it is necessary to apply locally to the ganzlion 
before stimulation of the sympathetic below it fails to give a secretion. 
Sometimes fairly copious application of nicotin to one side of the gan- 
glion has been sufficient, at others repeated application to both sides has 
been required. The following experiment will serve to show the effect 
of insufficient local application of nicotin, and the effect of injecting it. 


Experiment IV. 


Kitten. Paws unpigmented. Chloroform. 1°75 c. 0. 2 p. c. morphia sub- 
-cutaneously. Trachea connected with bottle containing a. c. e. mixture. 
Expose upper part of left thoracic sympathetic, tie and cut it a little below 
the 4th rib, isolate it up to ganglion, cutting 10th nerve rami. At intervals, 
artificial respiration. Du Bois Reymond’s induction coil; secondary coil 
at 7 c. m. (e = 7) gives shocks just felt on the tip of the tongue. 

Stim. cut end of symp., c= 7 for 30”; pad and toes become rapidly redder, 
very copious secretion ; movement of 
hairs of face between eye and ear. 

Stim. cut end of symp., c= 7 for 30“; same result, except that foot becomes 
a little paler before flushing. 

Stim. cut end of symp., c= 6 for 30”; result the same. 

Stim. symp. at level 3rd nerve ramus ; result same, eye also opens. 

Brush warm 1 p.c. nicotin over exposed surface of ganglion for about 

10 secs, 

Stim. cut end of symp., c=7 for 60”; at once movement hairs of face; 
doubtful pallor and secretion in foot. 

Stim. cut end of symp., c= 6 for 60”; slight pallor, and slow secretion ; at 
once movement of hairs. 

Stim. symp. level 3rd nerve ramus, c=6, result like previous and eye 

Opens. — 
Inject 17°5 milligrams nicotin into jugular vein. No secretion on cut 
side, slight secretion on right. Immediate effects on colour of foot not noted, 
on beginning to stimulate the cut side (left) is redder than the right. 


Stim. cut end of symp., c=6 for 90”; no effect on secretion, colour 
of foot, or hairs. 
Stim. cut end of symp., c= 6 for 90” ; no effect. 


Stim. tail end of ganglion, c= 6 for 60” ; tracesecretion, !slight pallor, 

Stim. head end of ganglion, c= 6 for 30” ; copious secretion, foot paler. 

Stim. symp. close to ganglion, c = 6 for 60”; no certain effect. 

Stim. grey ramus from ganglion, c= 6 for 20”; rapidly pallor and copious 
secretion. 


To show that the nerve-cells in the ganglia below the ganglion 
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stellatum have no connection with the secretory fibres involves a more 
troublesome experiment, since the sympathetic ganglia down to the 10th 
thoracic nerve must be carefully exposed. But when this is done, it 
will be found that application of nicotin in moderate quantity to the 
ganglia other than the ganglion stellatum, does not affect the secretion 


obtained by stimulating any part of the sympathetic. The experiment 


in this form is not altogether satisfactory since the stimulation causes a 
certain amount of reflex movement and so might cause a reflex secre- 
tion. To avoid this objection two methods may be employed; (a) 
nicotin may be applied to the ganglion stellatum as well as to the lower 
ganglia, in which case stimulation of the sympathetic still causes a 
reflex movement, but does not cause a secretion, or (b) after the 
application of nicotin to the lower ganglia, the sympathetic may be cut 
and isolated up to the end of the ganglion stellatum where the grey 
rami to the brachial nerves are given off; when this has been done, 
stimulation of the sympathetic at its cut end causes no reflex move- 
ment but still causes secretion. 


Direct Spinal Fibres to the Sweat Glands of the Fore Foot. 


This question is in very much the same condition as the similar one 
for the hind foot which I have dealt with above. 

According to Vulpian, stimulation of the 6th, 7th and 8th cervical 
nerves in the spinal canal causes a secretion though less than that 
caused by stimulating the sympathetic. 

Luchsinger (10) in his early work found that dyspnoea and heat no 
longer caused secretion in the fore foot after section of the sympathetic 
just below the ganglion stellatum, or after extirpation of the ganglion. 
The experiment with extirpation of the ganglion was confirmed by 
Navrocki (14) and by Ott. 

Later Luchsinger (16) observed in one case out of six in which 
the ganglion stellatum had been extirpated, that dyspnoea and picro- 
toxin gave rise to a little secretion. 

My experiments on this point have been confined to stimulation of 
the cervical and upper thoracic nerves in the spinal canal; in no case 
have I observed a trace of secretion to follow such stimulation, and I 
think that the secretion observed by Vulpian and by Luchsinger 
must have been due to some other cause than the existence of secretory 
fibres in the lower cervical nerves. 
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Summary. 
Fore-foot. 


Navrocki described the sympathetic secretory fibres as leaving the 
cord by the 4th thoracic nerve; their origin however is not so limited. 
They leave the spinal cord by the 4th to the 9th, and perhaps the 10th, 
thoracic nerves inclusive. The maximum number of secretory fibres is 
contained in the nerve about the middle of this series, and in passing 
up or down from the middle of the series, the number of secretory fibres 
becomes successively less. In cats which do not secrete freely, the 
6th, 7th and 8th thoracic nerves may be the only ones which when 
stimulated cause a secretion. So far as I have observed there is no differ- 
ence in the distribution of the secretory fibres arising from the various 
thoracic nerves ; each supplies the whole of the foot. All the sympathetic 
secretory fibres are connected with nerve-cells in the ganglion stellatum 
and none are connected with nerve-cells in any other part of their 
course, outside the spinal cord. Ten to fifteen milligrams of nicotin 
injected into a vein paralyses these nerve-cells, but does not paralyse 
the nerve-fibres or the nerve-endings in the gland cells. Stimulation 
within the spinal canal of the nerves which unite to form the brachial 
plexus does not cause secretion. I agree with Navrocki that there 
are no direct spinal secretory fibres. 


Hind-foot. 

Luchsinger showed that the sympathetic secretory fibres leave the 
spinal cord from the 12th thoracic to the 3rd lumbar nerves inclusive. 
He stated also that the 4th lumbar nerve contained secretory fibres; I have 
not found secretory fibres in the 4th lumbar nerve except when an extra 
lumbar nerve was present, and in this case the 4th lumbar was homologous 
with the 3rd lumbar nerve of the normal animal. Luchsinger some- 
times also found secretory fibres in the 11th thoracic nerve; although a 
few such fibres may be present, I have not obtained clear proof of them. 
The maximum secretion is obtained by stimulating the nerve at or 
just below the middle of the series; sometimes neither the 12th 
thoracic nor the 3rd lumbar causes a secretion; and the same may be 
the case with the 13th thoracic. These variations account for the 
results of Vulpian, Navrocki, and Ott, who failed to find the 
extended origin described by Luchsinger. Any one of the spinal 
nerves containing secretory fibres may under favourable circumstances 
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cause secretion on the whole of the hairless portion of the foot. Asa 
rule the secretory fibres leave the sympathetic chain by the grey rami 
of the 6th lumbar, 7th lumbar, Ist sacral and 2nd sacral ganglia, 
running to the corresponding spinal nerves and so to the sciatic. In 
these cases, the 6th lumbar grey ramus supplies chiefly the inner part 
of the pad and the 2nd, i.e. the innermost toe; it usually, but not always, 
causes a secretion in the rest of the foot; the 7th lumbar grey ramus 
supplies the mid part of the pad and the 2nd and 3rd toes, giving 
also a good but less copious secretion on the rest of the foot; the Ist 
sacral grey ramus supplies chiefly the outer half of the foot, and causes 
also a secretion but less copiously on the rest of the foot, the total 
secretion is less abundant than that produced by the grey ramus of the 
7th nerve, but more abundant than that produced by the grey ramus 
of the 6th nerve; the 2nd sacral grey ramus supplies chiefly the outer- 
most part of the pad and the 5th toe; it may cause a secretion on the 
rest of the foot, and in this case the amount of the secretion diminishes 
in passing from tbe outer to the inner border. In individual cases 
there is some variation from the distribution of the grey rami which 
has just been described. For example the 7th grey ramus may supply 
chiefly the outer half of the foot instead of its mid portion, but the 
principle of the successive rami supplying chiefly successive strips of 
the foot is retained. 

The greater variations which occur—and perhaps also the smaller 
ones—are associated with variations in the origin of the sciatic. In 
rare cases the origin of the sciatic undergoes a shifting downwards so 
that the 6th lumbar nerve sends a small strand, and the Ist sacral 
a large strand to the sciatic ; in these cases, the 6th lumbar grey ramus 
sends no secretory fibres to the foot, or too few to produce an obvious 
secretion. In other cases, and more frequently, the origin of the sciatic 
undergoes a shifting upwards, so that the 6th lumbar nerve sends a 
very large strand to the sciatic, the Ist sacral a small one only, and the 
2nd sacral no strand, or none at any rate capable of causing muscular 
movement in the foot; when this occurs, the grey ramus of the 2nd 
sacral ganglion contains no secretory fibres for the foot. 

The sympathetic secretory fibres are connected with nerve-cells in 
one of two ways; (a) all the fibres issuing by any one grey ramus 
are connected with nerve cells in the corresponding ganglion and in 
no other, or (6) the majority of the fibres in any one grey ramus are 
connected as in (a) but a few are connected with nerve-cells, not in the 
corresponding ganglion but in the one above it. Like Navrocki and 
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Luchsinger, I do not find that any secretion results from stimulating 
the lower lumbar and sacral nerves in the spinal canal; and Luchsinger’s 
experiments, which in spite of the absence of result on stimulation led 
him to believe in the occasional existence of such fibres, I regard as 
inconclusive, 
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The 2nd and 3rd sacral nerves are only inserted in the diagrams in order 
to mark the chief origin of the nervus erigens from the 2nd sacral. An 
account of the variations which occur in 3 nerves will be given in a later 
paper. 

Figs. 1 to 3. Diagrams of the three chief forms in which the lumbar and 
upper sacral nerves may be arranged in the cat. The figs. 1, 2, 3 represent 
the arrangement described in the text (p. 350) as ea of 4 (1), class (2), 
and class (3) respectively. 

Fig. 1. There was apparently a fine filament: running from the Sth 
lumbar to the genito-crural, but as I was not quite certain of this, it is 
represented as a dotted line. The 4th may send a fine filament to the crural ; 
this is represented by a dotted line. Note the small size of the branch from 


the 6th lumbar to the sciatic; both crural and obturator chiefly come from 


the 6th. 

Fig. 2. Note, crural rather more from 5th, obturator rather more frém 
6th ; branch from 6th to sciatic considerably larger than in Fig. 1, this branch 
may be a little larger and the Ist sacral a little smaller than they are given 
here. 

Fig. 3. Note, crural and obturator chiefly from 5th; branch of 6th to 
sciatic larger than that of Ist sacral. Occasionally the strand from the 6th 
to the crural nerve is absent, and the strand from the first sacral to the sciatic 
may be considerably smaller than in this figure. 

Fig. 4. Diagrammatic representation of lumbar and upper sacral nerves 


in a cat having 13 thoracic and eight lumbar nerves, It will be seen that 


the arrangement of the lumbo-sacral plexus resembles in the main that in 
class (3) of normal cat. The additional nerve belongs to the upper and not 
to the lower lumbar region. No direct branch from the 6th to the crural was 
noticed on the left side, but there was a small branch on the right side. 
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Fig. 5. A diagrammatic representation of the relative amounts of secre- 
tion obtained on the different parts of the hind foot. by stimulation of the grey 
rami of the 6th lumbar, 7th lumbar, Ist sacral, and 2ud sacral nerves in cats 
which secrete freely, and in which the nerves are arranged as in figure 2. 

Fig. 6. Diagrammatic representation of the two extreme forms of the 
connection of sudoriparous nerves with the sympathetic ganglia. 
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(a) The secretory nerves make no,connection with the ganglia until they 
arrive at the 6th lumbar ganglion ; then a bundle of fibres runs to certain of 
the cells of this ganglion and all the fibres from these cells run out in the 
corresponding grey ramus to the 6th lumbar nerve. Bundles of fibres 
similarly run to and issue from each of the three ganglia below the 6th. 

(6) In this form some secretory fibres make connection with nerve-cells 
in 5th lumbar ganglion, the fibres issuing from these cells run down the 
sympathetic and without making any further connection with nerve-cells 
issue by the grey ramus of the 6th ganglion. As in form (a) the 6th and 
7th lumbar, the Ist and 2nd sacral ganglia each receives a bundle of secretory 
fibres; but the fibres issuing from the cells although running in the main in 
the corresponding grey ramus do not all do so, a small number in each case 
except in that of the 2nd sacral runs down the sympathetic and issues by the 
next grey ramus below. 

Neither of these forms is common, so far as my experiments go; as a 
rule the 6th ganglion sends no fibres to the 7th ramus, and the 5th has no 
secretory fibres connected with its cells. 
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NOTE ON THE CONNECTION WITH NERVE-CELLS 
OF THE VASO-MOTOR NERVES FOR THE FEET. 
By J. N. LANGLEY, F.RS., Fellow and Lecturer of Trinity 


College, Ca 


THE experiments on secretion, of which an account has been given 
above, were begun—now more than a year and a half ago—as much with 
the intention of finding out the connection of the vaso-motor, as of the 
secretory nerve fibres to the feet. But for two reasons the observations 
on secretion have considerably outnumbered those on the blood supply ; 
in the first place, cats with unpigmented feet were not always obtainable, 
and in the second, when the feet were unpigmented it was often in the 
early part of the experiment only, that the pallor or flushing were 
sufficiently pronounced to render a vascular change quite certain. 

_ I have tried to help out these experiments by others made on the 
dog, cat and rabbit in which either the change of temperature of the 
foot was noted by means of a thermometer placed between the toes, 
or the change of volume of the foot observed by the plethysmographic 
method’. I must confess that I did not succeed in obtaining so good 
resuits with either of these methods as by that of the direct observation 
of the colour of the pad and toes. 

But whilst my observations on the vaso-motor nerves are in some 
respects incomplete, the chief points which I was anxious to ascertain, 
viz. whether vaso-constrictor, vaso-dilator, and the secretory fibres for 
the feet are connected with nerve-cells in the same ganglia, is I think 
decisively answered in the affirmative. 

The sympathetic vaso-constrictor and vaso-dilator fibres 
for the fore foot are connected with nerve-cells in the ganglion 
stellatum, and apparently are not connected with nerve-cells in any 
other ganglion. Experiment IV, given in the paper on the nerve 
fibres to the sweat glands“ serves to illustrate this point. 


1 Of. Bowditch and Warren. This Journal, Vol. vu. p. 417, 1886. 
* This Journal, p. 369. 
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The sympathetic vaso-constrictor and vaso-dilator nerve 
fibres for the hind foot are connected with nerve-cells in 
the 6th lumbar, 7th lumbar, and Ist sacral ganglia. | 

A few fibres are probably also connected with nerve-cells in the 2nd 
sacral ganglion, but my experiments do not decisively show this. 

Like the secretory fibres, the vaso-constrictor and vaso- 
dilator which issue from the nerve cells of the 6th and 7th 
lumbar and the Ist sacral ganglia run chiefly in the grey 
ramus of the ganglion to the corresponding spinal nerve; the 
6th ganglion usually sends all its fibres to its own grey ramus, but a few 
may pass down the sympathetic to issue by the grey ramus of the 7th 
ganglion; the 7th ganglion usually sends some of its fibres down the 
sympathetic to issue by the grey ramus of the Ist sacral ganglion, 
Whether the Ist sacral ganglion sends vaso-motor fibres down the 
sympathetic to issue by the grey ramus of the 2nd sacral ganglion, my 
experiments are not sufficient to decide. 

I have not obtained any evidence of vaso-motor fibres for the foot 
ending in nerve-cells above the 6th lumbar ganglion or issuing from the 
sympathetic by any grey ramus higher than that of the 6th; but I do 
not think the method is sufficiently accurate to exclude the possibility 
of a few such being present. Once or twice stimulation of the 6th grey 
ramus has caused greater pallor in the innermost toe than in the others. 

The general conclusion to which I think the observations on 
peripheral ganglia tend is, that each ganglion of the sympathetic 
chain is in the main the nerve-cell station for the nerve- 
fibres which run from it to the corresponding spinal nerve, 
and to a certain small region in the immediate neighbour- 
hood of the ganglion. This view I propose to test further by some 
observations on the thoracic sympathetic ganglia, where the connections 
are probably more simple than in the lumbar region. 

Ostroumoff' has shown that the sympathetic vaso-constrictor and 
vaso-dilator nerves for the hind foot of the dog arise partly from the upper 
lumbar nerves and partly from nerves higher up. Cyon* found the 
vaso-constrictor fibres for the fore foot to arise from the 4th thoracic nerve, 
usually also from the 5th, and occasionally in addition from the 6th 
and 7th. Cyon’s results were obtained by cutting the sympathetic and 
its rami. The exact origin from the cord of the vaso-constrictor nerves 
for the limbs of the dog, has recently been determined by Bradford and 


1 For other papers on the origin of vaso-motor fibres; cp. Aubert. Hermanns 
Handbuch, Bd. w. Th. 1. p. 446. 
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Bayliss with the aid of the plethysmograph. Their results, as yet 
unpublished, they kindly allow me to give here. They find that the 
hind limb is supplied with vaso-constrictor nerves by the 11th, 12th, 
13th thoracic, the 1st and 2nd lumbar nerves, and to a less extent by 
the 3rd lumbar nerve; that the fore limb is supplied by the 4th, 5th, 
6th, 7th, 8th, 9th thoracic nerves and to a less extent by the 10th 
thoracic nerve. My own experiments are less complete than those 
of Bradford and Bayliss since I gave up making direct experiments 
upon the origin of the vascular nerves, on learning that they were 
engaged with this question. As I have mentioned above, I have noted 
vascular changes chiefly by the colour of the hairless portions of the feet 
in cats. On stimulating the nerves in the spinal canal—as in stimu- 
lating the sympathetic trunk—I have sometimes obtained pallor, some- 
times flushing, sometimes pallor followed by flushing of the feet; I have 
not observed that any spinal nerve caused pallor only or flushing only 
in all circumstances. On the hind foot, the maximum effect was obtained 
with the last dorsal and first two lumbar nerves. The thoracic nerves from 
the 5th to the 8th inclusive generally caused marked flushing in the fore 
foot. The 4th nerve sometimes produced an effect, and the 3rd once. 
I have not observed flushing as the result of stimulating the roots of the 
brachial or sciatic nerve within the spinal canal; often pallor was caused 
but that seems to be due to the contraction of the muscles of the limb. 
A comparison of the results of Bradford and Bayliss on the origin of 
the vaso-constrictor fibres of the feet, with my own on the origin of 
the sweat nerves’ of the feet, shows how close is the correspondence in 
the origin of the two kinds of nerve-fibres. The only difference indeed 
is that Bradford and Bayliss have obtained more decisive results with 
the 10th thoracic nerve upon the fore-foot and with the 11th thoracic 
nerve upon the hind-foot than I have obtained. 


1 This Journal, vol. xu. p. 347, 1891. 
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The sympathetic vaso-constrictor and vaso-dilator nerve 
fibres for the hind foot are connected with nerve-cells in 
the 6th lumbar, 7th lumbar, and Ist sacral ganglia. 3 

A few fibres are probably also connected with nerve-cells in the 2nd 
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sympathetic to issue by the grey ramus of the 2nd sacral ganglion, my 
experiments are not sufficient to decide. 

I have not obtained any evidence of vaso-motor fibres for the foot 
ending in nerve-cells above the 6th lumbar ganglion or issuing from the 
sympathetic by any grey ramus higher than that of the 6th; but I do 
not think the method is sufficiently accurate to exclude the possibility 
of a few such being present. Once or twice stimulation of the 6th grey 
ramus has caused greater pallor in the innermost toe than in the others. 

The general conclusion to which I think the observations on 
peripheral ganglia tend is, that each ganglion of the sympathetic 
chain is in the main the nerve-cell station for the nerve- 


fibres which run from it to the corresponding spinal nerve, 


and to a certain small region in the immediate neighbour- 
hood of the ganglion. This view I propose to test further by some 
observations on the thoracic sympathetic ganglia, where the connections 
are probably more simple than in the lumbar region. 

Ostroumoff“ has shown that the sympathetic vaso-constrictor and 
vaso-dilator nerves for the bind foot of the dog arise partly from the upper 
lumbar nerves and partly from nerves higher up. Cyon’* found the 
vaso-constrictor fibres for the fore foot to arise from the 4th thoracic nerve, 
usually also from the 5th, and occasionally in addition from the 6th 
and 7th. Cyon’s results were obtained by cutting the sympathetic and 
its rami. The exact origin from the cord of the vaso-constrictor nerves 
for the limbs of the dog, has recently been determined by Bradford and 


1 For other papers on the origin of vaso-motor fibres; op. Aubert. Hermann's 
Handbuch, Bd. w. Th. 1. p. 446. 
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Bayliss with the aid of the plethysmograph. Their results, as yet 
unpublished, they kindly allow me to give here. They find that the 
hind limb is supplied with vaso-constrictor nerves by the 11th, 12th, 
13th thoracic, the Ist and 2nd lumbar nerves, and to a less extent by 
the 3rd lumbar nerve; that the fore limb is supplied by the 4th, 5th, 
6th, 7th, 8th, 9th thoracic nerves and to a less extent by the 10th 
thoracic nerve. My own experiments are less complete than those 
of Bradford and Bayliss since I gave up making direct experiments 
upon the origin of the vascular nerves, on learning that they were 
engaged with this question, As I have mentioned above, I have noted 
vascular changes chiefly by the colour of the hairless portions of the feet 
in cats. On stimulating the nerves in the spinal canal—as in stimu- 
lating the sympathetic trunk—I have sometimes obtained pallor, some- 
times flushing, sometimes pallor followed by flushing of the feet; I have 
not observed that any spinal nerve caused pallor only or flushing only 
in all circumstances. On the hind foot, the maximum effect was obtained 
with the last dorsal and first two lumbar nerves. The thoracic nerves from 
the 5th to the 8th inclusive generally caused marked flushing in the fore 
foot. The 4th nerve sometimes produced an effect, and the 3rd once. 
I have not observed flushing as the result of stimulating the roots of the 
brachial or sciatic nerve within the spinal canal; often pallor was caused 
but that seems to be due to the contraction of the muscles of the limb. 
A comparison of the results of Bradford and Bayliss on the origin of 
the vaso-constrictor fibres of the feet, with my own on the origin of 
the sweat nerves’ of the feet, shows how close is the correspondence in 
the origin of the two kinds of nerve-fibres. The only difference indeed 
is that Bradford and Bayliss have obtained more decisive results with 
the 10th thoracic nerve upon the fore-foot and with the 11th thoracic 
nerve upon the hind-foot than I have obtained. 


1 This Journal, vol. Xu. p. 347, 1891. 
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THE INFLUENCE OF CALCIUM CHLORIDE ON EGG 
ALBUMEN AND SOME OF ITS DERIVATIVES. 
By SYDNEY RINGER, M. D., F.RS. 


From the Physiological Laboratory, University College, London. 


I, 


IN a previous communication’ I record some experiments regarding the 
influence of calcium chloride on the coagulation of dilute serum, and in 
this paper I record the effect of calcium chloride on the coagulation of 
white of egg albumen. 

In testing the effect of calcium chloride on egg albumen and some 
of its derivatives I made a series of experiments.. Each series consisted 
of five experiments. In the five test tubes I dropped respectively 
1, 2, 3, 4, and 6 drops of 10°/, solution of calcium chloride and then 
poured in 10 c.c. of the albumen mixture. 

The egg albumen was freely diluted, 25 c.c. being diluted to 200 c.c. 
with distilled water. I used a 10°/, solution of calcium chloride“ except 
when the contrary is stated. : 

I dropped the calcium chloride from a 5 c.c. pipette. Sixteen drops 
equalled 1 e. c. 

The test tubes were placed in a cold water bath, and its temperature 
was raised by a Bunsen burner to boiling point. 

Like Haycraft* I find that white of egg if freely diluted with 
distilled water does not coagulate even when heated to boiling point 
and only becomes a little milky. 


1 This Journal, Vol. xm. No. I. 

1 Calcium chloride dissolved in water gives an alkaline reaction. In these experiments 
the alkalinity was neutralized by a weak solution of hydrochloric acid till the solution 
gave only the faintest trace of alkalinity. 

* Haycraft and Duggan, Brit. Med. Journal, 1890. Vol. 1. p. 167. 
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If however calcium chloride in sufficient quantity is added, it 
coagulates and the solution becomes at first particulate and then the 
particles cohere and form a firm clot. The temperature at which the 
solution becomes first particulate and then clots depends on the amount 
of calcium chloride and, as Haycraft has already pointed out, on the 
rapidity with which the temperature of the solution is raised. Calcium 
chloride requires some time to produce its effects on dilute egg albumen 
and large doses act more quickly than smaller doses, consequently if 
the temperature is quickly raised coagulation’ occurs with the larger 
doses before the smaller have had time to cause coagulation. 

While the coagulation temperature depends on the quantity of 
calcium chloride, the limit of its action is soon reached and larger 
quantities have no greater effect. With the quantities used in these 
experiments no coagulation occurred with white of egg solution without 
the aid of heat, although the mixture was allowed to stand in some 
cases twenty-four hours and even longer. 

I record one of many experiments. 


After preparing the test tubes as described, I placed them in a cold 
water-buth and raised the temperature. All the solutions became cloudy at 
62°C. the cloudiness rapidly increasing till the solution became milky. The 
solutions containing 3, 4 and 6 drops became particulate at 74°C. That 
containing two drops at 77 and that containing one drop at 87°C. All 
clotted at from 84 to 85 except the solution with one drop which clotted 
at 96° C. 


It appears then that increasing the quantity of calcium chloride 
solution to three drops lowers the coagulation temperature slightly but 
a further increase is without effect. 

In the preceding experiment the temperature of the water bath 
was raised fiom 12°C. to 97°C. in about fifteen to twenty minutes and 
the comparatively rapid raising of temperature brings out the effect of 
calcium chloride, for with small doses as I have said the action of 
calcium salt is slow. I made some experiments prolonging greatly the 
time occupied in elevating the temperature. 


1 By coagulation I mean the formation of particles in the solution, in fact the parti- 
culate stage. The effect of calcium chloride on alkali albumen was very protracted. The 
fluids when unheated not becoming particulate in some instances for a day or two days. 
It is obvious then that in many cases where the solutions were heated soon after being 
prepared, that the expression, coagulation temperature, has reference only to those 
conditions, namely the effect of heat, immediately or soon after the admixture of 
calcium chloride and albumen solution. 3 
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In the following experiment just an hour elapsed between the rise of the 
temperature from 15° to 97°C. I made the usual series of experiments. All 
became cloudy at 60, beginning with those solutions containing most calcium 
sult and these remained the most milky. All the solutions except that 
containing only one drop of calcium chloride solution became particulate at 
65, whilst the remaining solution became particulate at 67. All the solutions 
clotted at 80°C. 


The clots in these experiments did not contract. 
It appears then that with the large quantities employed if sufficient 
time were allowed that the coagulation temperature is much the same. 
I next tested if smaller quantities of calcium chloride have a more 
marked effect on coagulation temperature. I used a 2% solution of 
calcium chloride and repeated the experiments. 


I give two examples. In the first the temperature was quickly raised 
from 105° C. to 95°C. occupying exactly eighteen minutes. All the solutions 
containing calcium chloride became cloudy at 58. The control without 
calcium chloride at 60°C. The solutions became particulate in the following 
order. Those containing 6 and 4 and 3 drops at 70°C. and that with 2 drops 
at 95° and the solution with one drop and the control remained merely milky 
at 96° C. 

I next repeated this experiment raising the temperature from 12°C. to 97 
occupying fifty-four minutes. The solutions containing calcium chloride 
became cloudy at 59°C. and the control at 60°C. The solutions became 
particulate in the following order: the solution with six drops at 67, with 
four drops at 70, with three drops at 81, with two drops at 94, whilst the 
solution with one drop and the control remained only milky. 


These solutions contracted somewhat especially if boiled for some 
time. The contraction was more marked in the solutions containing 
two and three drops of the calcium chloride solution. As the clots 
contracted they left a clear fluid which contained very little proteid 
matter. These experiments then show that the temperature at which 
a solution of egg albumen becomes particnlate depends on the amount 
of calcium salt in the solution, varying more than 30°C., whilst the 
temperature at which the solution becomes cloudy varies very little, not 
more than a degree and a half. 

Before particles appear, the solution becomes somewhat glutinous ; 
this is most marked with the smaller quantities of calcium chloride 
with two drops of the 2°/, solution at boiling point. The particles 
were small and not very numerous and the fluid when poured out on 
blotting paper was quite glutinous like boiled starch. The whole of. 
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the proteid however was particulate, for if filtered, the fluid passed 
through the filter quite clear and contained only a trace of proteid 
whilst a thick gummy matter remained on the filter. The calcium 
chloride was in too small a quantity to cause aggregation of the 
particles and clotting as the following experiment shows. After filtering 
I placed the glutinous matter in a test tube and added about 10 c.c. of 
distilled water and then shook up the mixture. The solution became 
milky. I divided the mixture into two parts, and to one added two 
drops of 2°/, solution of calcium chloride and placed both test tubes in 
a cold water bath and quickly raised the temperature. The solution to 
which I had added calcium chloride became coarsely particulate at 
70° C., the small particles aggregating, and at about 90° C. the fluid 
clotted and then contracted, the contraction becoming considerable 
after boiling for some minutes and the fluid became quite clear and 
free from proteid. The solution to which no calcium chloride was 
added remained milky and no subsidence occurred; four hours later 
the fluid still remained milky. . 

It is obvious from this experiment that one effect of calcium 
chloride is the aggregation of fine particles into larger ones and 
then the formation of a clot and subsequent! y the contraction of 
the clot. 

For with the first small quantity of calcium chloride even at a 
temperature of 96 to 100°C., the fluid only became finely particulate 
and glutinous; but after filtering and resuspending in distilled water 
a further addition of a small quantity of calcium chloride, with the aid 
of heat, formed a well marked clot which contracted greatly. 

Barium chloride acts much the same as calcium chloride. 

_ I made a similar series of experiments. The solutions containing 
2, 3, 4 and 6 drops of 10°/, solution became particulate at 71 and 
clotted at 80, whilst the solution containing one drop of barium chloride 
solution and the control solution only beeame rather milky at 96°C, 
So that this solution acted almost exactly as calcium chloride except 
that with the smallest quantity it did not coagulate the fluid but only 
made it milky. 

Magnesium sulphate too acts on white of egg just like calcium 
chloride and barium chloride. 

I again made a similar series of experiments. The solutions con- 
taining 3, 4 and 6 drops of 10°/, solution became particulate at 80, 
the solution containing 2 drops at 83. The solutions containing 4 and 
6 drops became solid at 80, the solution containing 3 drops at 88°C. 
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and the solution containing 2 drops at 95°C. The solution containing 
only one drop and the control only became milky at 96°C. 

Haycraft and Duggan’ find that the greater the dilution the 
higher the coagulation temperature, and they ascribe this effect to the 
dilution of the proteid. As however the addition of a calcium or 
barium or magnesium salt induces coagulation, it is evident that 
dilution of the proteid is not the sole factor. It would appear that 
dilution of the calcium salts is one cause. I have elsewhere shown 
that the influence of calcium and potassium salts on thé contraction of 
the frog’s heart depends on the percentage amount of these salts in 
the circulating fluid, that with diluted solutions their influence becomes 
less and these experiments I submit show that the same is the case 
with the coagulation of egg albumen by heat. : 

Haycraft and Duggan consider that cloudiness marks the 
beginning of the coagulation and that the minute particles, which are 
only visible by aid of the microscope, aggregate and become visible 
when the solution becomes particulate. They find that dilution only 
slightly raises the temperature at which the solution becomes cloudy, 
the difference between undiluted egg albumen and albumen diluted 
with water four times being only 3°75°C. whilst dilution greatly affects 
the particulate stage. The differences between undilute albumen and 
albumen diluted three times amounting to 16°C. whilst albumen 
diluted four times does not become particulate, but remains cloudy. 

In my experiments with varying quantity of calcium salt, the 


temperature at which the solution became cloudy was very constant 


at 58°C. to 59°C. whilst the control solution to which no calcium was 
added became cloudy generally at 60°C. On the other hand the 
temperature at which the solutions became particulate varied widely, 
a difference as great as 30°C. or greater occurring between the solutions 
containing the larger, and those containing the smaller quantities of 
calcium salt. 

I am sorry that my observations do not confirm Haycraft’s state- 
ment that in the cloudy stage the fluid is particulate by the microscope. 
I have often examined the fluid with high power at the cloudy stage 
but without detecting any particles. It is true that later on at a higher 
temperature particles can be seen with the microscope before they can 
be detected by the naked eye. The changes appear to be these, first 
the fluid becomes particulate but the particles can only be seen through 


+ Haycraft and Duggan, Brit. Med. Journal, 1890. Vol. 1. p. 167. 
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the microscope, next the fluid becomes viscid, and particles can be seen 
by aid of the microscope, next they become visible to the naked eye, 
and then aggregate into larger particles and at last the fluid clots into a 
jelly. The fluid may remain in any of these conditions even at boiling 
point, this depending on the amount of calcium salt in the solution. 


II. 


We have secn that dilute white of egg unboiled added to even 
large quantities of calcium chloride solutior, namely six drops of the 
10 % solution to 10 cc., and allowed to stand several days undergoes 
no visible change, it neither becomes opalescent nor particulate. It is 
otherwise with dilute white of egg slowly heated and boiled for a few 
minutes. Ten cubic centimetres added respectively to 6 and 4 drops of 
calcium chloride solution and kept at the temperature of the room 
make the solution first viscid or glutinous and then it becomes particu- 
late and at last forms a loose clot. With six drops this sometimes 
happens in ten minutes or with some solutions it is delayed for some 
hours whilst with four drops the solution may not become particulate 
for one or two days. 

The white of egg albumen has been changed by boiling and is 
converted into alkali albumen, for as we have seen it is not coagulated 
by heat and it is precipitated by an acid and is dissolved by excess. 

These solutions of egg albumen (alkali albumen) vary somewhat in 
respect to the behaviour with calcium chloride. With some solutions 
less than four drops will not cause coagulation at the temperature of the 
room, with other solutions it is different as the een experiment 
shows. 

In the following series I employed 1, 2, 3, 4 and 6 drops of calcium 
chloride to 10 c.c. of the solution and obtained the following results. 

In about ten minutes the solution containing six drops became 
particulate. In twenty to thirty minutes the solution with four drops 
became particulate. The other solutions after an hour remaining liquid 
and clear. Next morning, ie. eighteen hours later, the tube containing 
three drops was particulate and in twenty-four hours the tubes con- 
taining 1 and 2 drops had undergone a similar change and the tube 
containing six drops was semi-solid. 

The effect of calcium chloride then at the temperature of the air is 
with small doses very slow and prolonged and the clots that are formed 
are very loose and soft, and with some solutions the coagulation does not 
extend beyond the particulate stage. 
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If the solutions are heated immediately after mixing with the 
calcium chloride solution the coagulation temperature is found to be 
much lower than that of unbviled white of egg. 

I diluted 35 c.. of white of egg to 260c.c. with distilled water and 
placing the flask in a c.ld water bath, slowly raised the temperature 
to boiling point and continued the boiling for four minutes. I quickly 
cooled the solution, which was qu'te milky but not particulate nor 
clotted. Into five test tubes I dropped respectively 1, 2, 3, 4 and 6 
drops of calcium chloride solution and poured into each tube 10 c. c. of 
the white of egg mixture, and immediately placed the tubes in a cold 
water bath and rather quickly raised the temperature. The solution with 
six drops of calcium chloride became particulate at 33, with four 
drops at 39, with three drops at 46, with two drops at 59, and with one 
drop at 84. The solution with three drops clotted at 60, with two 
drops at 84 and with one drop at 90. The clots were firm especially 
with the larger quantities of calcium chloride. The clots did not contract. 

I then performed the following experiment which shows that boiling 
for a longer time causes the solutions to clot quicker and more firmly. 

I diluted 35 c.c. of white of egg to 250 c.. with distilled water and 
slowly raised the temperature and boiled for fifteen minutes, The 
solution became very milky, and then made similar experiments as 
with the other solution. The solution containing six drops of calcium 
chloride without being heated clotted almost immediately, and in a few 
minutes later the solution with four drops and in about twenty minutes 
the solution with three drops. After an hour the other two solutions, 
containing respectively one or two drops, remained unchanged, but next 
morning, i.e, sixteen hours later, these also had clotted and all the clots 
were firm. 

- Toa similar set of solutions I applied heat and the tube containing 
three drops became particulate at 40, that with two at 0 ane that 
with one drop at 80 and all soon became solid. 

In both series of experiments the clots did not coutract. 

I next tested the effect of heat on solutions with smaller quantities 
of calcium chloride using 2 / solution. The mixture containing six 
drops of calcium chloride solution became glutinous and particular at 
88 and semi-solid at 92, the rest remained unchanged at 96 and were 
removed from the bath. The solution with four drops became viscid 
and glutinous about a minute after being removed from the bath. The 
solution with three drops became viscid eight minutes after removal 
from the bath, and remained viscid and transparent an hour later, The 
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solution containing two drops became a little viscid fifty minutes after 
removal from the bath. The remaining solution with one drop was 
unchanged when I left the laboratory. Next morning the various 
solutions were in the same condition as on the previous afternoon. 

If however the boiled albumen mixture is allowed to stand twenty- 
four hours it undergoes a slight change so that it will not coagulate at 
the temperature of the room, and the coagulation temperature becomes 
higher and after clotting, the clots contract slightly. 

I made the usual series of experiments. The solutions became 
particulate in the following order, beginning with the solution contain- 
ing six drops of calcium chloride solution, 28°C., 42°C., 47°C., 63°C. 
90°C. and the clots contracted slightly, the contraction being most 
marked in those solutions containing most calcium chloride. 

If the white of egg solution is boiled with a weak alkali, it coagu- 
lates and clots less rapidly, but the clots greatly contract. 

_ I diluted 35 c.c. of white of egg to 250 c.c. with distilled water and 
added a gramme of sodium bicarbonate. The temperature was slowly 
raised and the solution boiled in a water bath for five minutes. It was 
filtered and quickly cooled and at once used in the following experi- 
ments. The solution was much less milky than those heated without 
sodium bicarbonate. In one series I slowly raised the temperature in a 
water bath. The solution with six drops became particulate at 42 and 
clotted at 80. The solution with four drops at 55 and 83° C, that with 
three drops at 70 and 86° C., whilst the solutions with one and two drops 
remained unchanged at 96°C. The clots greatly contracted, not occupy- 
ing more than a tenth of the test tube. 

A similar series were unheated and after an hour were anchanged. 
Four hours later the solution with six drops was slightly particulate 
and that with four to a still smaller degree. The other solutions were 
unchanged. 

With this alkali albumen then, whilst the 8 temperature 
with a given quantity of calcium chloride is higher than with the 
previous alkali albumen, and with small quantities no clotting at all 
occurs even at boiling point, yet the clots produced contract very 
greatly and all the proteid is precipitated, for if the fluid is filtered and 
tested it contains but a trace of proteid matter. 

With a stronger alkali the alkali albumen will not clot even at 
boiling point with the quantities of calcium chloride used in these 
experiments. 

To 200 c. c. of the 12°5 % solution of egg albumen I added 0°2 grammes 
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of caustic soda and slowly raised the temperature in a water bath and 
boiled for ten minutes. The solution remained clear, Immediately it 
was cool I performed two sets of experiments, in one heating the solu- 
tions; in the other allowing them to remain unheated. Neither solu- 
tion changed in any degree although in one series the temperature was 
raised to 96°C. 

The alkali albumen however is coagulable by calcium chloride 
and heat, the coagulation being prevented by the antagonising action 
of the caustic soda preventing the action of calcium chloride, for on 
neutralizing the solution with weak hydrochloric acid, the solution 
containing six drops of calcium salt became cloudy at 30°C. and 
particulate at 50°C., the solution with four drops at 44°C. and 61°C., 
the solution with three drops at 56°C. and 78°C. whilst the solution 
with two drops became cloudy at 78 and remained milky and not 
particulate at 97; the solution with one drop was uuchanged at 97. 

The_solution with 3, 4, and 6 drops clotted and the clots greatly 
contracted. 

Even when treated with much larger quantities of caustic soda, 
alkali albumen acts in the same way, that is after neutralizing the 
caustic soda with hydrochloric acid the solution clots with calcium 
chloride and heat and the clots greatly contract. 

The behaviour of alkali albumen with calcium chloride depends 
however on the time, and the temperature at which the albumen is 
treated with caustic soda. 


To 85 c. o. of 30°/, solution of white of egg I added 2 c. e. of 4% solution 
of caustic soda and placed the flask in a water bath and quickly raised the 
temperature to boiling point and then removed the flask and quickly cooled 
the solution. I then neutralized the solution with 1% solution of bydro- 
chloric acid. This increased the albumen mixture to 200 c.c. 

Of this I poured 10c.c. into two test tubes containing respectively three 
and six drops of calcium chloride solution, both solutions became opalescent 
at the temperature of the room. At 54°C. the solution with six drops 
became particulate and at 75 the solution with three drops, both clotted well. 

The alkali had converted the albumen to alkali albumen, for all the 
proteid was precipitated by an acid and dissolved in excess and on 
adding to the solution a little cupric sulphate solution and caustic soda 
solution it gave a violet colour. 

I then boiled in a water bath a 30 % solution of albumen with 1°/, 
of caustic soda for a quarter of an hour and allowed it to cool gradually 
and stand for twenty-four hours. This solution gave the reactions of 
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alkali albumen. I neutralized with weak hydrochloric acid and per- 
formed two similar experiments as recorded above but neither of the 
solutions became particulate though heated to 98°C. I diluted the 
solution to 25 % and repeated the experiments with the same result 
and I next made the solution decidedly acid but without causing any 
deposit and repeated the experiments, but without causing any pre- 
ci pitate. 

Another specimen of diluted albumen of the same strength I treated 


with 1°/, caustic soda for twenty-four hours at a temperature of 40°C. 


and then neutralized with weak hydrochloric acid. This solution gave 
no precipitate with similar quantities of calcium chloride though heated 
to 98°C. 

It is obvious therefore that the prolonged action of caustic soda at 
a high temperature had produced some change in the alkali albumen, 
whereby it could not be precipitated by calcium chloride in quanti- 
ties sufficient to cause firm clotting in albumen treated for a much 
shorter time with caustic soda. 

The clots in all the previous experiments were to all appearance 
just like a milk clot or a fibrin clot. If they did not contract, they 
were in a jelly-like condition and when poured out of the test tubes 
retained their shape. When they contracted they looked more like 
a fibrin clot, the clot slowly leaving the lower part and sides of the 
test tube and is at last seen floating in a clear fluid. 

In these experiments alkali albumen reacts very like caseine. For 
caseine in a solution without a calcium salt or if this is present in too 
small a quantity remains in solution“, but on adding calcium chloride 
the solution becomes granular and the granules aggregate into a clot 
that contracts greatly. This clotting takes place at the temperature 
of the room if enough calcium chloride is added; but with a smaller 
quantity the solution must be heated. 

Caseine is an alkali® albumen; hence it would seem that the 
property of contracting may belong to the clots formed of alkali 
albumen, by the action of calcium salts. 

I next tested the action of calcium chloride on Witte’s peptone, 
which consists largely of albumoses with a little peptone. 

1 By “ caseine”” I mean the curd produced by the action of rennet. 

2 This Journal, Vol. xm. No. II. 1891. 
5 If caseine is treated with acetic acid and then the curd is carefully washed with 
distilled water, the curd dissolves readily in 0°3 % solution of sodium bicarbonate, This 


solution does not curd on boiling, and is precipitated by adding a weak acid, the precipi- 
tate being soluble in excess of acid. 
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I made a similar series of experiments as with previous substances 
but found that no coagulation occurred even at boiling point. 

I also experimented with Koch’s peptones said to consist chiefly of 
albumose and with some gelatinose, etc. 


After mixing a 10°/, solution which gave an acid reaction, I made a 
similar series of experiments. The solution containing six drops of calcium 
chloride solution became particulate at 63 and the other solutions containing 
four, three, two drops and one drop in the following order at 67° C., 71°C., 
76°C. and 78°C, The precipitate in each of the tubes remained particulate 
and was very small in quantity in the tubes containing one drop of calcium 
chloride solution, and increased with the increased quantity of calcium chloride, 
so that in the tube with six drops the deposit amounted to about a quarter of 
the bulk of the fluid. I filtered the solutions and saturated the filtered fluid 
with ammonium sulphate, a slight deposit occurred in the solution with the 
highest quantity of calcium chloride and this was larger in the other tubes in 
inverse order to the amount of calcium chloride being abundant in the solution 
with only one drop of calcium chloride solution. 

Barium chloride and magnesium sulphate also precipitate Koch’s 
peptones with the aid of heat, but the amount of precipitate is less 
with barium chloride than with calcium chloride, and is very slight 
with magnesium sulphate. Magnesium sulphate requires a higher 
temperature than calcium chloride to cause even a scanty precipitate. 
Six drops of a 10°/, solution of either barium chloride, calcium chloride, 
or magnesium sulphate were unable to cause a precipitate in 10 c.c. 
of the Koch’s peptone solution at the temperature of the room 
although allowed to stand for twenty-four hours. 

It is obvious from these experiments that K och’s peptones contain 
a large quantity of proteid other than albumoses and peptones. 

Soldner’s’ experiments lead him to agree with Hammersten 
that caseine (caseinogen) behaves like an acid and combines with lime. 
He believes that lime is made soluble in milk by combining with 
caseinogen. He describes three compounds, an acid, a neutral and an 
alkaline compound. The alkaline, neutral or only just perceptibly acid 
compounds do not coagulate on boiling. More acid combinations 
coagulate by heat, at a lower temperature the higher the acidity. 

Milk made acid by acetic acid coagulates by heat, and calcium 
chloride favours the coagulation and clotting. 


I added 20c.c. of 1°/, solution of acetic acid to 200c.¢. of milk. The 
milk appeared unaltered, it was not particulate even when examined with a 


1 Jaresbericht der Anatomie und Physiologie, Vol. xvm. 1888, p. 814. 
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microscope and passed through filtering paper. Moreover after standing 
twenty-four hours, no precipitate formed. With this solution I performed 
six experiments. Each tube contained 10c.c. of acidulate milk. The first 
tube contained this alone, to the others I added solution of calcium chloride 
in the following order, one drop, two, three, four and six drops, and placed 
the tubes in a water bath slowly raising the temperature. The solutions 
became particulate at the following temperatures, beginning with the solution 
containing six drops of calcium chloride solution, 65° C., 68° C., 70° C., 75˙ C., 
80° C. and 84°C. All clotted, those with most lime most firmly. 


I have already shown that a calcium salt, after a solution has 
become particulate, causes the particles to aggregate into larger particles 
and then to cohere into a clot and that appears to be the action of the 
calcium chloride added to these solutions, for clotting occurred in the 
solutions to which no calcium salt was added. The following experi- 
ment shows that the calcium chloride only accelerated changes which 
could occur without its aid. 


I repeated the six experiments recorded above. At 67 the solution with 
six drops of calcium chloride became particulate and I kept the temperature 
of the bath at this point. Ten minutes later the solution with four drops 
became particulate and after another ten minutes the tube with three drops, 
and twelve minutes later the solution with two drops was particulate. I then 
left the laboratory. Three hours later the solution with one drop and the 
solution of simple acidulated milk were also particulate, All these solutions 
to which calcium chloride was added es whilst the acidulated milk 
remained particulate. 


I now record some experiments which, as far as they go, support 
Soldner’s conclusions and show the necessity of a calcium salt for the 
coagulation of milk by heat. 

I precipitated caseinogen by adding to milk acetic acid. After filtering 
and well washing the curd I rubbed some in a mortar with carbonate of 
lime and then added distilled water; another portion I mixed with 0°5°/, 
of sodium bicarbonate and allowed both mixtures to stand nineteen hours. 
I then syphoned off the solutions and filtered them. The caseinogen dissolved 
by aid of the calcium bicarbonate gave a slight acid but no alkaline reaction. 


I then added five drops of 1% solution of acetic acid to 10c.c. without 

making the solution particulate, although it gave a decided acid reaction. 
It passed readily through filtering paper leaving none on the filter. I placed 
the tube in a water bath and raised the temperature; at 80 the solution 
ourdled. All the caseinogen was precipitated, for filtering and saturating the 
filter after with ammonium sulphate produced no deposit. A control experi- 
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ment with unacidulated caseinogen solution neither became particulate nor 
clotted at boiling point. 

I also added acetic acid to the solution of caseinogen in sodium bicarbo- 
nate solution, I made it strongly acid without causing any precipitate and 
yet on boiling could not make the solution particulate, but on adding a little 
calcium chloride solution the caseinogen solution became particulate and a 
copious deposit formed. 


It appears therefore that whilst the acid compound of caseinogen 
with lime is precipitated by heat, the acid compound with soda is not 
precipitated even when boiled, but the addition of a small quantity of 
calcium chloride at once precipitates all the caseinogen. 

As milk (caseinogen) has many of the properties of alkali albumen, 
I tested if alkali albumen behaves like milk when acidulated and 
boiled, i.e. whether it is coagulated when the acid has been added in 
too small quantity to precipitate the alkali albumen. I find that alkali 
albumen differs from caseinogen, for I could not coagulate it by heat 
till enough acid had been added to make the solution particulate so 
that the particles could be seen with a microscope, and the fluid filtered 
free from proteid matter, and this was the case also even when I added 
phosphate of soda before acidulating. 


Influence of Calcium Chloride on Gelatin. 


I obtained the gelatin of Mr Martindale. It was of French 
manufacture and of good quality. 

I dissolved some gelatin in warm water and added various quantities 
of calcium chloride solution, then heated the tubes in a water bath to 
boiling point, without however inducing any cloudiness or coagulation. 

I next boiled the solution of gelatin with some sodium bicarbonate 
and then tested the action of calcium chloride, but produced no change 
in the solution, even with the aid of heat. I then boiled the solution 
with caustic soda, This caused a flocculent deposit. I filtered this 
from the solution which remained when cold quite liquid and clear. 
I neutralized the solution with hydrochloric acid and then tested the 
action of calcium chloride and heat, but again induced no change. 
The solution contained a good deal of the gelatin, for on saturating 
with ammonium sulphate an abundant deposit occurred and this was 
freely soluble in hot water. 

Gelatin therefore as regards the behaviour of calcium salts is quite 
different from egg albumen, serum, fibrin, muscle dissolved in weak 
caustic soda solution, and milk. 


* 
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THE BEHAVIOUR OF SACCHARINE MATTER IN THE 
BLOOD. By VAUGHAN HARLEY, M. D., M. R. C. P. 


THE disappearance of sugar from blood being a subject of great interest 
to the physician as well as to the physiologist, I deemed it advisable to 
make some investigations as to its cause, while I was working at 
diabetes due to extirpation of the pancreas’. In this article I propose 
giving the results obtained from blood after its removal from the living 
animal, reserving Eu future occasion the consideration of the be- 
haviour of sugar in the ci tion of the living animal. 

Normal blood, as is known, contains from 0°05 to 0°15 per cent. 
of sugar; there being less in venous than in arterial blood. 

Schenk“ having recently stated that the whole amount of the 
sugar in the blood cannot be correctly determined by any single one of 
our present methods of analysis, this conclusion having been arrived 
at from the results he obtained from a series of experiments made, not 
only with blood itself, but serum, and solutions of the albumens of the 
blood, it may be well for me to mention that his experiments were 
performed as follows: 

After ascertaining by a quantitative analysis how much sugar a 
measured amount of defibrinated calf’s blood contained, he added to it 
a definite quantity of grape-sugar, stirred it, and after waiting for a 
period of five minutes, acidulated the mixture with acetic acid, added 
from 4 to 5 vols. of water, and then boiled it, so as to coagulate the 
albumens. The coagulum was thrown upon a filter and thoroughly 
washed. The filtrate and wash-water evaporated to a convenient 
quantity, thereby coagulating the remaining traces of albumen; which 
were then separated by fresh filtration, and washed. The sugar was 
now estimated according to Knapp’s method of titration. As a result 


1 Graduation prize thesis for the Edinburgh University M.D. 1891. Pancreatic 
Diabetes—A clinical and experimental enquiry into its Nature, Causation and Treatment.” 

Ueber das Verhalten des Traubenzuckers zu Eiweisskörper des Blutes.“ Archiv fiir 
die gesammte Physiol, Vol. . p. 607. 
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he found that he lost from 45 to 80 per cent. of the total sugar in 
defibrinated blood, and 46°2 per cent. in the case of serum. He 
further ascertained that when he boiled the coagulum with hydrochloric — 
acid, neutralised the filtrate, and analysed it, there was always a 
considerable quantity of sugar present in it; and that after adding the 
quantity of sugar extracted by the hydrochloric acid from the coagulum 
to the amount that had been previously obtained, only from 1 to 3 per 
cent. of the original quantity of sugar in the blood was actually lost. 
This loss he regarded as due to a certain quantity of the added sugar 
having entered into chemical combination with the albumens of the 
blood. Schenk’s paper was soon followed by one from F. Réhmann 
whose experiments were made in a different way“, in as much as he put 
into a vessel (capable of holding 50 Ce.) 15 .c. of a saturated solution 
of sodium sulphate, and a weighed quantity of blood was allowed to 
flow direct from the artery of a living animal into the soda solution, and 
the vessel with its contents again weighed. This sodium and blood 
mixture was now emptied into a glazed iron capsule, and after being 
acidulated with acetic acid, was kept on a hot water-bath, with constant 
stirring, until the albumens were coagulated. The coagulum was then 
thrown on a filter and well washed with hot water acidulated with 
acetic acid. Both the filtrate and wash-water being slightly coloured 
in order to obtain from them the last traces of their albumens, acetate 
of soda and chloride of iron were added, and after the mixture was 
neutralized with sodium hydrate it was heated on a free gas flame. 
This last precaution was, however, unnecessary, as the presence of 
traces of albumen does not interfere with Knapp’s titration method. 
Röhmann found by this method that only from 3°6 to 21°6 per cent. of 
the sugar was lost, and thought Schenk erred in saying that a 
chemical combination takes place between the albumens ane saccharine 
matter in blood. 

These contradictory conclusions led Seegen* to anal the experi- 
ments, and employ Fehling’s method of calculating the sugar instead 
of Knapp’s. The results he obtained were almost identical with those 
of Réhmann. 

This being the state in which the matter stood when I took up the 
investigation of the disappearance of sugar from blood, I deemed it 


1 “Ueber die Bestimmung des Zuckers im Blut.” Centralblatt fiir Physiol. Vol. rv. 
No. 1, p. 12. April 1890. 

* Seegen. ‘‘Zur Zuckerbestimmung im Blut.” Centralblatt fiir Physiol. Vol w. No. 
8, July 1890, 
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necessary for me first to definitely ascertain whether or not a chemical 
combination took place between the sugar and some of the constituents 
of the blood, and likewise if it were possible by any method of analysis 
to determine with absolute certainty the amount of sugar in any given 
quantity of blood. As unless these points were satisfactorily ascertained 
there seemed but little hope of my successfully investigating the cause 
or causes of the disappearance of the sugar. The series of experiments 
on the destruction of sugar in blood, as well as the cause of its dis- 
appearance, now about to be narrated, was carried out in the Fysio- 
logiske Institute of Kristiania, and I gladly take this opportunity of 
acknowledging my indebtedness to Professor Sopus Torup for the 
kind and valuable assistance he gave me in the investigation. 

In order to obtain, if possible, reliable replies to these questions 
three different modes of research were adopted. 

Ist. That of coagulating the albumens in the blood by Heat and 
Acetic Acid. 

2nd. That of coagulating the albumens in the blood by Mercuro- 
potassic iodide. 

ard. That of coagulating the albumens in the blood by Mercuric 
chloride. 

Before proceeding to adduce the results of the investigation, it may 
be as well to state that in order, as far as possible, not only to minimise 
the dangers of errors occurring in the methods of operating, but likewise 
to insure harmony and exactitude in the results, every precaution that 
suggested itself was taken. Thus, not alone was there on every separate 
occasion a fresh volumetric analysis of the sugar employed made; but 
in every single instance when the quantity of saccharine matter was 
estimated, either in blood or in water, it was done by the titration 


method and in no case were less than three titrations made of each 


specimen examined. 

In order to prevent repetition, I may once and for all mention that 
in every case, where it is not otherwise stated, the blood of a different 
animal of the same species was used, and most frequently the defibrin- 
ated blood of a calf, obtained from the abattoir. Also that the sugar 
employed in the experiments was chemically pure grape-sugar, having 
been repeatedly re-crystalised from alcohol of a specific gravity 0°837, 
and that the solution was invariably titrated afresh, every time it was 
used. Moreover when the quantity of sugar normally existing in the 
blood at the time of the addition of the grape-sugar is not stated, it is 
because it was found to be too small to be estimated. For the sake of 
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easy reference, the experiments have been numbered consecutively, 
as well as divided into sectional groups illustrative of the different points 
investigated, quite irrespective of the dates of their performance. 

The series of experiments made with the view of confirming or 
negativing Schenk’s idea that sugar enters into a chemical combination 
with blood albumens, were conducted as follows :— 

The blood (after having been obtained and prepared in the manner 
presently to be described in each of the cited analyses) was allowed to 
fall drop by drop into a quantity of briskly boiling and constantly 
stirred distilled water, acetic acid being added until the mixture had 
an acid reaction. On the coagulation of the albumens being considered 
complete, the liquid was separated from them by filtration, and the 
coagulated albumens then well washed with hot acidulated water. In 
order that every particle of the saccharine matter might be got out of them 
the coagula were next boiled in a fresh quantity of water, replaced on 
the filter and again washed. This re-boiling and re-washing process 
being invariably repeated seven times and even occasionally more 
frequently still, the collected filtrates and wash-waters were then 
evaporated down to a convenient working quantity—usually from 100 to 
150 c.c.—and the sugar in it estimated by Knapp’s method, as modified, 
and improved by Worm, Müller and Otto“. 

This being the mode of operating, I will now give the results: and 
as the analyses that were made are far too numerous to admit of their 
being given in detail, I shall merely quote what I consider the best 
illustrative examples of the results obtained in each separate series of 
experiments. To begin with, I will give six of those where the albumens 
of the blood were coagulated by the aid of heat and acetic acid. Two 
of the samples being those that yielded average results; two of those 
yielding the best and two of those giving what was supposed to be 
the worst results. For in this way I think the value of the research 
can be more readily assessed. 


Expt. 1. To 50 c. c. of freshly defibrinated calf’s blood—after the amount 
of its own sugar had been ascertained to be so small as to be incalculable— 
10 C. o. of distilled water containing 0-264 gramme of grape-sugar were added, 
and after being well mixed, immediately coagulated (in the manner previously 
described) ; no interval of five minutes having been allowed to elapse between 
the adding of the sugar and the commencement of the coagulation as in 
Schenk’s mode of experimenting. This immediate action was had recourse to 


Hammarsten, Lehrbuch der physiol. Chemie, p. 349. 1891. 
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in consequence of its having been distinctly found—as will be afterwards 
shown—that the mere element of “time” has an important influence on the 
results obtained when estimating the quantity of saccharine matter present in 
blood after its removal from the body. 


The experiment yielded :— 
‘ Known amount of sugar in blood 0-264 
1 1 „ found by analysis 0.251 
lost 0-013 = 4-9 per cent, 


That is Pa say, that for some reason yet to be determined, 4°9 per cent. of 
the sugar that had been actually added to the blood could neither be estimated 
nor detected by the chemical reagents employed. 

Expr. 2. To 50c.c. of another calf’s blood, treated exactly as in the 
preceding case, and found to contain 0°018 per cent. of sugar, was added 
0-528 grm. of grape-sugar dissolved in 10 c. c. of water. 

Total quantity of sugar present in the blood 0°537 
10 10 „ found 0°505 


ne * * lost 0-032 = 5˙9 per cent. 


The next two experiments I will cite show the largest loss of sugar 
that was met with. As they were performed exactly as the preceding, 
even to the minutest detail, I see no reason to attribute the difference 
in the results to the mode of operating. 


Expt. 3. To 50 cc. of a calf’s defibrinated blood, known to contain 
0-032 grm. of sugar, 10 c.c. of water, holding in solution 0-496 grm. of grape- 
sugar, were added, and the coagulation etc. done as before. 

Total quantity of sugar present in blood 0°528 

0-476 
lost 0˙052 = 9°8 per cent. 


Exrr. 4, To 50c.c. of defibrinated calf’s blood, which contained merely 
insignificant traces of sugar, were added 10 c.c. of water containing 0˙7 92 grm. 
of grape-sugar. 

Quantity of sugar present in the blood 0˙792 

„ found 0°675 
” ” lost 0-117 = 14'8 per cent, 


Having here shown the worst results obtained, I shall now cite what, 
in point of contrast, may be appropriately named the best of this series 
of analyses. 


Expr. 5. To 50c.c. of defibrinated calf’s blood, which was found to con- 
tain 0-094 per cent. of sugar, 10 C. c. of water, holding in solution 0-736 grm. 
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of grape-sugar, were added, the mixture coagulated and otherwise treated as 


above. 
Quantity of sugar present in the blood 0˙783 
* „ lost 0-009 = 1˙1 per cent. 


Expt. 6. To 50c.c. of calf’s defibrinated blood found to contain 0-048 
grm. of sugar per cent., were added 10 c.c. of water containing 0-393 grm. 
of grape-sugar. 

Quantity of sugar present in the blood 0°417 

found 0-417 
” ” lost nil. 


In order to render the results of the experiments on this point 


more apparent I will subjoin in a tabular form the results of 10 separate 
analyses of 


Defibrinated calf’s blood coagulated by acetic acid and heat. 


Quantity of sugar 
detected by Amount lost Percentage 
present lysi lost 
0°792 0-675 0-117 14˙8 
0°562 0°501 0-061 10°8 
0°476 0-052 9-8 
0:537 0°505 0-032 5°9 
0-264 0-249 0-015 
0˙264 0˙251 0-013 4°9 
0-522 0˙503 0-019 3°6 
0°143 0-139 9 004 2˙7 
0•783 0-774 0-009 11 
0•417 0°417 nil nil 


The discrepancy in the results obtained in these sets of analyses 
is so marked that it is impossible to imagine that there does not exist 
some important cause for it. What that cause may be is difficult to 
explain, from the simple fact that the only difference observable in 
these sets of analyses was in the behaviour of the albumens during their 
coagulations. As that difference, however, may turn out to be the actual 
cause of the discrepancy in the results, I will now refer to it. The dif- 
ference noticeable consisted in the albumens in the latter set of analyses 
coagulating in the form of loose, fleecy, flocculent curds, whereas in the 
former they separated as dense, firm clots. So that, while the saccharine 
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matter was readily extractable by washing from the fleecy curds, it was 
proportionately difficult to entirely remove it from the firm clots, in the 
interstices of which it had probably become entangled during the 
solidifying process. 

In order still further to test this point, as well as to ascertain if 
possible the behaviour of sugar in living blood, a change was made, not 
in the mode of operating, but in the material operated on—viz. the 
blood. Instead of any longer employing defibrinated calf's blood, 
obtained from the abattoir, undefibrinated arterial blood, drawn directly 
from the carotid artery of a living animal, was used. And as this blood 
was not only withdrawn from the blood vessel of a healthy living animal, 
but from an artery, that fact ensured that its constituents had as yet 
undergone no deteriorating changes (by performing any nutritive 
function) after oxidisation in the lungs. It may therefore be regarded 
as not only a good representation of living blood, but of living blood in 
the full entirety of its nutritive vigour. 

Consequently if the constituents of living blood really exert a 
chemical action upon sugar one might expect that they would scarcely 
fail to manifest it on the grape-sugar with which they were brought 
into such immediate contact as in the following experiment. 


Expr. 7. 10 c. c. of blood withdrawn directly from the carotid of a living 
rabbit, and at once analysed, exactly as in the preceding cases, were found to 
contain 0:0199 grm. of sugar per mil., that is to say 0°199 per cent. of sugar. 
To another 10 c.c, of the same rabbit’s blood withdrawn from the artery at 
the same time, were added 10 C. c. of distilled water charged with 0°562 grm. 
of sugar. This mixture was immediately coagulated and analysed for sugar 
by Knapp’s method—precisely as before. 


The result being 
Total quantity of sugar in blood 0-5819 
„ found 05780 
cs 3 „ lost 0-0039 = 0°6 per cent. 


Exrr. 8. To 10c.c. of another rabbit’s blood obtained in the same way 
which had been found to contain 0-102 per cent. of sugar, 10 C. c. of water, 


charged with 0-273 grm. of grape-sugar, were added, immediately coagulated 
and analysed as in the previous instance. It yielded the following results: 
Total quantity of sugar present in the blood 0-283 
* found 0-270 
VV 0-013 = 47 per cent. 


These tabulated, together with two other sets of experiments, which 
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were all I deemed it necessary to make as the results obtained were 
similar to those obtained with the defibrinated calf's blood, are as 
follows: 


Amount lost of sugar 
lost 


0°851 0-789 0-062 


7-2 
0-283 0-270 0013 4:7 
0283 | 0276 0007 204 
05819 | 0578 00039 0˙6 


Here again is noticed a marked disagreement in the quantities 
of sugar found in the different experiments. For while in the last only 
0°6 p.c. of sugar was lost, in the first cited 72 per cent. had disappeared, 
that is to say, 12 times more was lost. In these experiments was 
noticed exactly the same difference in the manner of the coagulation 
of the albumens as above alluded to. With a view of obtaining if 
possible more light upon this point, yet another alteration in the mode 
of experimenting was made: not however now in the materials used ; 
but in the chemical part of the procedure ; by substituting the mercuric- 
- iodide of potassium process (Briicke’s solution) for the acetic-acid and 
boiling method of coagulating the albumens. 

The change being as follows: 

The blood was rendered faintly acid with hydrochloric acid, and then 
Briicke’s solution added, the coagulum separated by filtration, 
and to the liquid that passed through more hydrochloric acid and 
Briicke’s solution added—this procedure being repeated again and 
again until the filtrate ceased to yield a precipitate of albumen. The 
whole of the coagula was now washed, taken out of the filter paper, and 
after being ground-up in a mortar, again acidulated, and Brücke's 
solution reapplied to it; then once more filtered through the same filter, 
and washed. 

This process was repeated five or six times, in order to make sure 
that all the sugar was extracted from the coagulum, then the whole of 
the liquid obtained was concentrated over a water-bath, and sulphuretted 
hydrogen passed through so as to get rid of the mercury. The mercurial 
precipitate was next filtered and washed, and the sulphuretted hydrogen 


j Undefibrinated rabbit's arterial blood, coagulated with acetic acid 
and heat. 
| Quantity of sugar 
present on analysis 
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expelled from the filtrate by passing air through it. It was then neu- 
tralised by sodium hydrate, and the quantity measured, and titrated by 
Knapp’s method, as in the other cases. This process took an ex- 
ceedingly long time. 


Expr. 9. To 50c.c. defibrinated calf’s blood, containing mere traces of 
sugar, were added 10c.c. of water charged with 0-264 grm. of grape-sugar, 
and the mixture at once analysed according to the above described method of 
Brücke. 

Quantity of sugar present in the blood 0264 
ſound 0262 


” „ lost 0-002 = 0-7 per cent. 


Exrr. 10. Another analysis was made, in the same way, of 50 c. c. of 
defibrinated calf’s blood, which contained 0-048 per cent. of sugar, 10 C. c. of 
water containing 0-562 grm. of grape-sugar being added. 

Quantity of sugar present in the blood 0-586 
ra found 0.544 


„ lost 7˙1 per cent. 


Having now given the worst as well as the best of the analyses by 
coagulation with mercuro-potassic iodide in full, I will tabulate as before 


Quantity of sugar 
Percentage 
Amount lost of sugar 
present found lost 
0°586 0°544 0-042 71 
0˙295 0°275 0-020 6°7 
0°264 0°249 0-015 5°6 
0-269 0006 2˙4 
0•522 0•˙515 0»007 13 
0-262 0:002 07 


These results being very similar to those obtained by the acetic- 
acid method of analysis, I next proceeded to employ mercuric chloride 
as a mode of coagulating the albumens. As the process was in all 
respects similar to the method of Briicke except the substitution of 
mercuric chloride for the ne eee iodide, it is unnecessary to 
describe it in detail. 


Defibrinated calf’s blood coagulated by Briicke’s method. 
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Expr. 11. To 50c.c. of defibrinated calf's blood, containing only an 
insignificant amount of sugar, was added 0:522 grm. of grape-sugar dissolved 
in 10 c. o. of distilled water, and the mixture immediately coagulated by the 
mercuric chloride process. The result was: 6 

Quantity of sugar in blood 0°5220 
found 0•5214 


00006 = 0-1 per cent. 


Expr. 12. To 50 C. c. of defibrinated calf’s blood, which contained 0-018 
per cent. of sugar, was added 10 c. o. of distilled water holding 0-753 grms. of 
grape-sugar in solution. The mixture coagulated with mercuric chloride 
precisely as in the preceding case. 

Quantity of sugar present in the blood 0°762 
80 found 0°721 
lost 0-041 = per cent. 


I now give as before six analyses in a tabular form. 
Defibrinated calf’s blood coagulated by mercuric chloride process. 


Quantity of sugar 
Percentage 
Amount lost of sugar 
present found lost 
0˙762 | 0-721 0-041 5°3 
0-232 0-221 0-011 4°7 
0°586 0°568 0°018 30 
0°561 0°554 0-007 12 
0»522 0°521 0-001 0-2 
0°5220 05214 0-0006 0-1 


From the results of these several groups of analyses, it is seen :— 
Firstly, that the quantity of sugar lost bears no relative proportion to 
the quantity known to have been originally present in any individual 
specimen of blood; while, secondly, not only the results of the analyses 
quoted, but of others that I have left unquoted, point clearly to the 
fact that the actual quantity of sugar lost in each case stands in a 
marked relationship to the behaviour of the albumens during the 
coagulating process ; the loss being greatest when the albumens separate 
in the form of dense hard clots and smallest when they coagulate as 
small fleecy flocculi, which can be e washed. | 
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These facts have consequently led me to believe that the loss of 
sugar is not so much, if at all, due to a chemical combination having 
taken place between it and the constituents of the blood ; but rather to 
a Mechanical Retention of it having taken place; on account of the 
saccharine matters becoming entangled with the albumen during its 
solidification, and being retained in it so firmly that it cannot be all 
extracted from it by the washing out process. 

I see that even Schenk himself has found reason to abandon his 
chemical combination theory since he repeated his experiments by 
Briicke’s method, instead of his original acetic-acid method of coagula- 
ting the albumens. For he now says that he found that instead of the 
enormous losses he had previously recorded of from 45 to 80 per cent. he 
lost by Briicke’s method of analysis as little as 1:1 per cent. on one 
occasion; and 0°6 per cent. on another; while in a third, instead of a 
loss he had actually a surplus of 0˙4 per cent. He further says he found 
by the behaviour of the mixture of blood and sugar solution to dialysis 
that no chemical combination could have possibly occurred. 

The foregoing mentioned facts having shown that the loss of sugar 
from blood could be much more satisfactorily accounted for, at least in 
some instances, on a Mechanical Retention theory, than on the Chemical 
Combination theory, which Schenk had himself found reasons for 
abandoning : before accepting entirely the one, or abandoning entirely 
the other, I thought it desirable to test the value of some other factors 
which appeared to me might possibly have an equal if not perhaps a 
greater influence on the disappearance of the sugar from the blood 
analysed than even that of the Mechanical Retention theory itself. 

The first point that suggested itself to me for consideration was to 
determine the influence of the mere element of time - and once that 
was ascertained to try and discover, if it actually had an appreciable 
influence, how and in what manner it acted. The following series of 
experiments was accordingly undertaken. And in this instance the 


method of coagulating the albumens by means of acetic acid and boiling 
was had recourse to. 


Expr. 13. To 200 cc. of defibrinated calf’s blood was added 40 cc. of 
distilled water containing 1-112 grms. of grape-sugar, and after the mixture 


had been well shaken it was placed aside in the laboratory. 


(a) At the end of one hour 40c.c, of the mixture, which ought to have 
contained 0°2224 grins. of sugar, were analysed with the following result :— 


. 1 “Ueber Zuckerbestimmung im Blut.” Pfliiger’s Archiv f. Physiol. Vol. xuvu. p. 621. 
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Quantity of sugar known to have been originally 


present in the blood 0˙2224 
* „ found after 1 hour 0°1397 
” ” lost in 1 hour 0•0827 = 37°18 per cent. 


(6) At the end of another hour a similar quantity of the blood and 
sugar mixture was examined, and this time the result was :— 


Quantity of sugar originally present in the blood 0°2224 
55 „ found after 2 hours 0°1251 
” ” lost in 2 hours 00973 = 43°75 per cent. 


(e) A similar quantity of the same blood was examined at the end of six 
hours in precisely the same way, with the following result :— 
Quantity of sugar originally present in the blood 0°2224 
1 „ found after 6 hours 0•1146 


9 „ lost in 6 hours 01078 = 48-47 per cent. 


Exrr. 14. 200c.c. of defibrinated blood from another calf, to which 
1:10 grms. of grape-sugar had been added, were treated in exactly the same 
way as the preceding. 

(a) At the end of one hour 50 C. c. of it yielded: 

Quantity of sugar originally present in the blood 0-220 

„ found after 1 hour 0˙193 

1 „ lost in 1 hour 0°027 = 12°27 per cent. 
(6) At the end of two hours :— | 
Quantity of sugar originally present in the blood 0220 


0 „ found after 2 hours a 0°179 

” ” lost in 2 hours 0-041 = 18°63 per cent. 
(c) At the end of seven hours :— . 
Quantity of sugar present in the blood 0-220 

1 » found after 7 hours 0°127 

” ” lost in 7 hours | 0-093 = 42°27 per cent. 


Expt. 15. 200c.c. of defibrinated calf’s blood, after having added to it 
40 c. c. of distilled water charged with 1:10 grms. of grape-sugar, were allowed 
to stand aside in the laboratory under the same conditions, and then 50c.c. 
of it analysed at identically similar spaces of time, the results being :— 
(a) At the end of one hour: 
Quantity of sugar originally present in the blood 0°220 
found after 1 hour 9*141 


1 1 lost in 1 hour 0-079 = 35-90 per cent. 
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(6) At the end of two hours :— 
Quantity of sugar originally present in the blood 0-220 
9 found after 2 hours 0-126 


„ „ lost in 2 hours 0-094 = 42°72 per cent. 
(e) At the end of seven hours :— 


Quantity of sugar originally present in the blood 0-220 
1 1 found after 7 hours 0˙109 


„ „ lost after 7 hours 0-111 = 50°45 per cent. 


Another set of controlling experiments was now undertaken; a 
slight modification being made in the mode of procedure, namely by 
increasing the quantity of sugar employed, and limiting the period of 
each experiment to a one, and a two hours’ standing. In every other 
respect the mode of operating was identical. 


Expr. 16. To 50¢c.c. of defibrinated calf's blood free of sugar were 
added 10 b. c. of distilled water containing 0-264 gram of sugar, and after 
this mixture was allowed to stand aside in the laboratory for one hour it was 
analysed. 


Quantity of sugar originally present 0-264 
found after 1 hour 
” 10 lost after 1 hour 0-048 = 18˙2 per cent. 


Expt. 17. Another 50c.c. portion of the same blood treated in every 
respect in exactly the same manner, except that it was not analysed until it 
had stood for two hours in the laboratory, gave the following result: 
Quantity of sugar originally present in the blood 0-264 

ſound after 2 hours 0-193 


„ „ lost after 2 hours 0-071 = 268 per cent. 


Now as all the results obtained from these different series of experi- 
ments pointed not alone to the fact that the amount of sugar that 
disappears from any given specimen of blood is materially influenced by 
the factor of “time,” but that the amounts of sugar that disappeared 
in the various groups of experiments were of a strictly progressive 
character, proved that the Mechanical Retention theory of the loss of 
the sugar was quite inapplicable to these cases. I thought the element 
that induced the disappearance of the sugar under the influence of 
the factor of “time” must be one well worth enquiring into. All 
the more so, seeing that the information I had acquired, while working in 
the Pasteur Institut at Paris in 1889, regarding the mode of action of 
certain ferments upon sugars, suggested to my mind the idea, that the ir- 
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regular, though always strictly progressive disappearance of the sugar from 
the blood might possibly be, in some way, connected with the presence 
of varying quantities of bacteria in the blood operated on. This seemed 
to me all the more probable from the fact that the blood employed had 
not only ample opportunity of becoming contaminated with the bacteria 
floating about in the foul air of the abattoir, during the time it was 
being defibrinated ; but likewise of its obtaining an abundant supply of 
bacteria from the air in the laboratory itself, during some of the different 
stages of the experiments. 

In addition to this, I could not shut my eyes to the probability that 
also through the intermediary element of “time” it might be possible 
that some one or other of the normal chemical constituents—albumoid or 
other—of the blood, irrespective of the presence of bacteria, exerted 
some combining or transforming power on the sugar, and might 
thereby account for the disappearance of at least some of it. 

While again as the free oxygen in the blood, although not very likely, 
might nevertheless exert some destructive oxidising power on the sugar, 
it too ought therefore not to be entirely overlooked in an enquiry of 
this kind. Consequently before coming to any definite conclusion in 
the matter I determined to make some further experiments. With this 
view, the possible action of bacteria was tested in the following way. 

A Pasteur flacon (fig. 1) containing a quantity of grape-sugar, 
dissolved in distilled water, after being sterilized in the usual manner, 
by heat and pressure, in an autoclave, was carefully weighed. That 
having been done it was held in readiness while the carotid artery of a 
healthy rabbit was being exposed. 

The sealed end of the receiving tube (a) attached to the flacon, 
after being heated in a flame and its point broken off, was inserted into 
the exposed carotid artery of the animal, and the blood allowed to flow 
directly into the flacon, careful aseptic precautions being taken in 
order to prevent the blood coming into contact with any bacteria during 
its transit from the blood vessel into the saccharine solution. It was 
consequently unlikely that any bacteria could obtain access into the 
flacon, unless they existed in and entered with the blood itself. 

The blood employed in the following series of experiments may 
therefore be regarded, not only in the light of living blood, but living 
blood at the most active period of its existence ; for the reasons previously 
assigned. 

When a sufficient quantity of this arterial, non-defibrinated 
blood from the living animal had entered the flacon, the end of the 
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tube (a) was again sealed up and the flacon re-weighed. So that by 
subtracting the original weight of the flacon and sugar solution from its 


Fie. 1. Pasteur Flacon. (a) receiving tube. (6) cotton wadding. 


weight, after the addition of the blood, the exact quantity of the latter 
was ascertained. The flacon after having been well shaken, in order to 
prevent the blood coagulating into one mass, was placed aside in the 
laboratory, during various periods of time, and then analysed. 


Expt. 18. 6°87 grms. of blood were collected in a Pasteur flacon” 
containing 0°132 grm. of grape-sugar which had been previously sterilized 
and treated as above described. At the same time as this was done 11°3 
grms. of blood that had been withdrawn from the carotid artery of the rabbit 
at the same time were analysed, in order to see how much sugar was actually 
present in the blood of the animal that was being used in the experiment. It 
was found that the 11:3 grms. of blood contained 00264 grm., i.e. 0°233 per 
cent., of sugar. So the 6-87 grins. of blood that entered the flacon contained 
0-016 grm. of sugar. After the flacon had stood for two hours in the 
laboratory its contents were analysed, with the following results: 


Quantity of sugar in the rabbit’s blood 0-016 
already in the flacon 

Total quantity of sugar present 0°148 

found 0128 


pm - lost 0-020 = 13˙5 per cent. in 2 hours. 


Expr. 19. 24-8 grms. of blood from the carotid artery of another rabbit 
were obtained and treated in a Pasteur flacon” in exactly the same manner 
as in the previous case, except that the flacon was allowed to stand in the 
laboratory for 26 instead of 


analysed. 
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27 grms, of this rabbit’s blood were analysed for sugar and found to 
contain 0 052 grm.=0:192 per cent. The result was: 
Quantity of sugar in the rabbit’s blood 0-047 
„ already in the flacon 0132 
Total quantity of sugar present 0-179 
„ „ found 0.140 
1 5 lost 0-039 = 21°8 per cent. in 26 hours. 
Before venturing to draw any conclusions from the results thus 
obtained, I thought it prudent to make a comparative set of experiments 
with the blood of another species of animal, and that. of the dog was 
selected for this purpose. I modified the experiment still further by 
using the same dog’s blood a second time instead of, a3 in the case of 
the rabbit, using the blood of a different individual each time. In all 
other respects the experiments were conducted in the same way as 
regards mode of collection, sterilization, etc. 5 


Expr. 20. 61°5 grms. of blood, freshly drawn from the carotid artery of a 
well-fed and healthy dog, contained 0°0973 grm. of sugar = 0°15 per cent. 

(a) 25 grms. of the same blood, containing consequently 0°039 grins. of 
sugar, were kept during 21 hours in the laboratory in the Pasteur flacon” 
along with 0-264 grm. of grape-sugar, dissolved in distilled water. On 
analysis at the end of the 21 hours the following result was obtained :— 


Quantity of sugar in dog’s blood 0-039 
5 90 already in the flacon 0˙264 
Total quantity of sugar present 0°303 
” ” found 0-265 
5 „ Int 0-038 = 12°5 per cent. in 21 hours. 


(b) 48-5 grms. of blood obtained from the same dog, at the same time as 
in the above case, were treated exactly as the foregoing in all respects, except ? 
that they were kept in the laboratory for 70, instead of 21 hours—that is to 
say three times as long—yielded on analysis :— 


Quantity of sugar in dog’s blood 0-077 
1 * already in the flacon 0-264 
Total quantity of sugar present 0-341 
” ” found 0-282 
” „ lost 0 059 = 17°3 per cent. in 70 hours. 4 


Before making any remarks on these results I will give in a tabular 
form both the results obtained in the non-sterilized calf's blood and 
those obtained in the sterilized rabbit’s and dog’s bloods respectively in 
order that they may be readily compared, : 
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Non-sterilized calf’s blood. 
Quantity of Sugar 
After one hour After two hours After 6—7 hours 
present | found lost found lost found lost 
0°2224 | 0-1397 00827 | 0°1251 00973 | 0°1146 01078 
37-18 p.c. = 47°75 p.c. = 48°47 p. o. 
0-220 | 0-193 0-027 0-179 0-041 0-127 0-093 
12°27 p. o. = 18°63 p. o. = 42°27 p. e. 
0-220 | 0°141 0-079 0-126 0-094 0°109 0-111 
35°9 p. c. = 42°72 p. c. = 50°45 p. o. 
0-264 | 0-216 0-048 0-193 0-071 
18°2 p. o. = 26°8 p. e. 
0-215 0˙184 0-031 0-112 0-103 0-097 0-118 
= 148 p.c. = 47°8 p.c = 50°2 p. o. 


We here see how relatively progressive is the disappearance of the 
sugar from the blood according to the time they have been in contact. 
This being the case we now turn to the table of blood which having 
been collected in a “ Pasteur flacon” had no opportunity to be contami- 
nated with bacteria, although otherwise under the same conditions 
i.e. contact with air through the medium of the cotton wool stopper (b) 


Quantity of sugar Dae het 
present found lost 2 
0-148 0°128 0-020 = 13°5 p.c. 2 hours 
0-179 0-140 0-039 = 21°8 „ ee 
0-193 0-165 0028=14 „ 48 „ 
0•128 0.090 0-038 = 29-6 „ 5 days 

Sterilized blood from dog. 

Quantity of sugar 8 
present - found lost 2 
0˙303 0-265 0-038 = 12°5 pe. 21 hours 
0˙341 0-282 0-059 = 17°3 „ 70 „ 
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Sterilized blood from rabbits. 
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By the above tables it is seen that, when the element of “time” is 
brought into play, the disappeagance of sugar from sterilized non- 
defibrinated blood, which has been taken direct from a living animal, 
and may consequently be almost regarded as living blood, is equally 
progressive, although in a less marked degree than in the case of 
defibrinated non-sterilized blood, that is to say blood unprotected from 
the influence of bacteria. Consequently it cannot be said that the 
disappearance of sugar from blood, under the influence of “time,” is 
solely due to the action of bacterid, any more than it is possible to 
account for it by the Mechanical Retention theory alone. Hence one is 
forced to admit that there must exist in the blood itself some sugar 
destroying factor. It appears to me as if some one or another of the 
normal constituents of the blood has a direct transforming action on 
sugar, either by a process of oxydation, or, what seems to me much 
more probable still, by a splitting-up process, due to a ferment, ie. an 


enzyme. There are reasons for my strongly inclining to this latter view; 
but as my researches on the subject are not yet completed, I prefer to 
refrain from stating them until I can do so in a complete and more 
definite form. Remaining content, for the present, with having, as 
I think, proved that a destruction of sugar takes place in the blood, even 
when it is kept free of bacteria, and that this destruction of sugar is 
of a distinctly progressive character. 


„ 
‘ 
“= 
i 
\ 
a 
4 
> 
* 
4 7 


NOTES ON SOME APPLICATIONS IN PHYSIOLOGY OF 
THE “RESISTANCE” METHOD OF MEASURING 
TEMPERATURE, WITH SPECIAL REFERENCE TO 
THE QUESTION OF HEAT PRODUCTION IN MAM 
MALIAN NERVES DURING EXCITATION. By G. N. 


STEWART, MA., D.Sc., M. D., George Henry Lewes Student. 


(From the Physiological Laboratory, Cambridge.) 


ABOUT twelve months ago I devised a form of resistance thermometer 
for the purpose of measuring approximately the temperature of the 
blood in the unopened vessels, and particularly of comparing the 
temperature in two vessels, the main artery and vein of a limb for 
example, under various conditions. A pair of the instruments was 
shewn at a meeting of the Physiological Society’. The experiments on 
the blood-vessels, for reasons to which it is unnecessary to refer here, 
were interrupted before they had passed much beyond the preliminary 


stage; and, as I have not yet been able to resume them, I have nothing 


further to say about them at present. It was necessary to say so much 
to account for the form of the instruments; for, although they proved 
to be very suitable for trying again the old problem of heat production 
in active nerves, this application of them was only an afterthought. 
Since the question had been recently investigated by Rolleston in 
frog’s nerves, with a negative result, it seemed well to try it again 
in mammalian nerves, in which positive results have been got by 


various observers. I think the time has now come to communicate the 


little I have to say on the subject. 


Description of Apparatus. 
Two pairs of thermometers were made, a large and a small pair. 


The large thermometers were suitable for the sciatic nerve of a large 


1 Proc. Physiol. Soe., Nov. 8, 1890. 
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dog; the small pair could be adjusted to take anything from the sciatic 
nerve or femoral artery of a rabbit up to the sciatic nerve or the femoral 
or carotid artery of a medium-sized dog. The difference between the 
large and the small thermometers was not so much in the range of calibre 
as in the length of the vessel or nerve on the instrument. Fig. 1 gives 
the natural size of a thermometer of the smaller pair. A very fine 


2 


5 
Fre. 1 (natural size). 


A is the part of the thermometer containing the wire, and B is the sliding - piece; c, e 
are copper wires fastened in grooves and covered with paraffin. They connect the binding 


 serews B, B. with the thin platinum wire, P, in the groove. a is the section of a screw 


which projects through the slot s when B is in position; and by a nut on this screw B is 
fixed. 


platinum wire 0015 inch in diameter and about 5 cm. long, was arranged 
as a half spiral in the groove of a hook-shaped piece of vulcanite, and 
covered with insulating varnish. The ends of the platinum wire were 
soldered to fine copper wires embedded in the vulcanite and running 
up to two small binding screws, from which wires went to connect up 
the thermometer in the ordinary Wheatstone’s bridge arrangement. 
Ultimately it was found better to use soldered connections instead of 
the binding screws. A sliding-piece of vulcanite was adjusted after the 
artery, vein or nerve had been slipped into the groove, so as to con- 
fine it to the bottom of the groove. Thus whether the structure was 
large or small, within fairly wide limits, it was always in contact with 
the whdle, or nearly the whole, of the platinum wire. The groove was 
12mm, in length, but the platinum wire only occupied 8 mm. of this 
length, a space of 2 mm. on each side being left vacant, so as to pre- 
vent, as much as possible, any sudden interchange of heat between the 
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wire and the tissues beyond the groove. It was necessary, in order to 
obviate any dragging of a blood-vessel on the thermometer, that at least 
20 mm. of it should be isolated. This was also necessary when the 
apparatus was put on nerves in situ. 

The larger thermometers were very similar; but the length of the 
groove being 50 mm., sufficient resistance was got by using a greater 
length of thicker platinum wire. The wire occupied only 38 mm. of 
the groove, a space of 6 mm. being left clear at each end. These 
thermometers were not found suitable for blood-vessels on account of 
the great length (at least 6—7 cm.) which it was necessary to isolate, 
and the number of branches needing to be ligatured. For large nerves 
or for long muscles of no great thickness they were quite serviceable. 

The resistance of the two smaller thermometers put end to end was 
12°57 ohms at 12°9C. This was pretty equally, but not quite equally, 
divided between the two, the difference not exceeding 1 ohm. The 
resistance of the large thermometer was much less, only 3°56 ohms when 
both were in series. 

The bridge wire was of the ordinary pattern, its resistance being 
105 ohm. To increase the range of movement of the slider for a 
given change of resistance, and to make it possible to take the amount 
of this movement as proportional to the change of resistance, a resistance 
of 10 ohms was put in at each end. For such changes of the ratio of the 
resistances of the two thermometers as any differences of temperature 
in the living animal could cause, the error introduced by doing this, 
and by further taking the movement as proportional to the change of 
temperature, would be very small. 

In most of the observations on nerves the degree of sensitiveness, 
when the small thermometers were used, was such that 1 division of 
the wire represented a difference of temperature of 0°052, and 1 
division of the galvanometer scale a difference of 0°0007, or, say, both 
of a degree. Half a division of the scale was the smallest movement 
which could be at all detected with certainty, and, therefore, the smallest 
difference of temperature which I could hope to have evidence of, with 
this degree of sensitiveness, was yJ,,th of a degree. To be within the 
mark I concluded that when there was no noticeable effect the tem- 
perature had not been changed by more than y,4,th of a degree. 

The large thermometers were made sensitive to y}yth of a degree 
for 1 scale division, i.e. say uod for half a division. I supposed that 
Teyoth of a degree of difference could be detected with this sensitiveness. 
1 division of the bridge wire corresponded to 0°04 C. 
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It will be seen that the degree of sensitiveness of my arrangements 
did not exceed that of the best thermopiles which have been used 
by previous observers, and was not more than half that of Rolleston’s 
arrangement, which in his work on frog’s nerves, was usually sensitive 
to zcheth of a degree. It would have been easy for me to double the 
nominal sensitiveness of my arrangement, but I remembered that 
Rolleston’s “chief difficulty lay in getting the temperature conditions 
sufficiently steady to admit of readings being taken;” and, although 
evaporation from my thermometers was greatly lessened by their form, 
the whole sensitive surface being practically in a closed box which the 
nerve nearly filled, the other conditions of my experiments were more 
unfavourable than in the case of the nerves of a cold-blooded animal; 
for it was necessary to work as quickly as possible, when the nerves 
were excised, and not to lose time in waiting for a steady moment, and 
when the thermometers were applied to the nerves in situ the difficulties 
were still greater. 

A few experiments were first made with the larger apparatus, with 
the gastrocnemius or the whole leg of a frog in the groove, in order to 
get an idea of the sensitiveness of the arrangement for this kind of 
work, The sciatic nerve on one side was cut and the peripheral end 
stimulated, or one sacral plexus was divided and the spinal cord 


stimulated. 


Experiment, July 7th, 1890. 

Two legs of frog skinned and put on thermometers. Zero of wire before 
legs put on, with thermometers in water at temperature of room, 485. Zero 
after legs put on, 474. Stimulated nerve of preparation on B for 1 minute ; 
distance between primary and secondary 130 mm. 1 Daniell in primary. 
Deflection of 80 divisions of galvanometer scale in direction indicating 
increase of temperature of B. 

Stimulated nerve of preparation on A with stimulus 80 (i. e. 80 mm. be- 
tween primary and secondary); deflection of 65 divisions indicating rise of 
temperature of A. Another observation, 43 divisions ; another, 55 divisions. 

Stimulated nerve of preparation on B with stimulus 80; deflection of 
85 divisions. Again, 79 divisions. Again, in 30” after last observation, 
45 divisions. Again, after interval of 5 minutes, 70 divisions. 

The rise of temperature in this experiment varied from 0°08 to 0°-04 C. 


Experiments on Curarised Muscles. 
Then a few experiments were made on curarised muscles to see if 
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by any chance a thermal effect could be got by stimulation of nerves 
apart from a motor effect. This was done for two reasons, which 
perhaps may be considered fantastic and almost frivolous by some, 
especially since the experiments have yielded only a negative result. In 
the first place I thought it possible that in very gradual curara 
poisoning the nerve impulse passing along the motor nerve might at 
a certain stage be able still to cause in the muscle some of the invisible 
changes connected with the muscular contraction, rise of temperature 
for example, while the mechanical change was no longer caused ; just as 
Gaskell thought it possible that stimulation of the cardiac nerves 


might under certain conditions be followed by thermal changes in the 


absence of mechanical effects. With my larger apparatus it was not 
difficult to work with the legs of a frog without quite stopping the 
circulation ; and observations could be made by stimulating one sciatic 
nerve from time to time as the curara paralysis deepened. And there 
did not seem to be any reason why, even if all the nerve fibres which 
can affect the metabolism of the muscle are really motor, that is able to 
excite contraction when stimulated with a sufficiently strong stimulus, 
a certain amount of the excitation should not still for a time be able to 
find its way through the nerve-endings, after the curarised muscle had 
ceased to respond by contraction. 

My second reason was the possibility that all the nerves which can 
affect the muscular metabolism are not able to act as motor nerves. If 
there are “thermogenic” nerves going to muscles, which are anatomi- 
cally distinct from the motor nerves, it is possible that curara may 
paralyse the latter group sooner than the former. 

Of course this is to a certain extent threshing thrice-threshed straw, 


and the nerves of the frog are not the most promising locality in which 


to look for thermogenic nerves. Since the results were negative, a 
single example of the experiments will be enough. 


Experiment, July 1890, 


Curarised frog. Legs on large thermometers. Skin removed along surface 
of contact with sensitive part of thermometer. Tendo Achillis cut and 
connected with lever. Peripheral end of cut sciatic on one side stimulated 
at intervals. Circulation still going on. Zero of wire before legs put on, 
with thermometers both in water at temperature of room, 481. After legs 
put on, 482. So long as contraction is caused, a rise of temperature of the 
stimulated leg is indicated; but when contraction has failed no change of 
temperature can be found. 
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Of course it could hardly be expected that any vasomotor effect of 
stimulation of the nerve should cause a sensible change of temperature 
in the leg of a frog. 

With isolated curarised frog’s muscles no change of e was 
got when contraction was absent. 4 


Experiments on Mammalian Nerves. 


After these preliminary experiments I attempted the problem in 
nerve. In some respects the form of the apparatus seemed particularly 
favourable, for with the sciatic nerve of a fairly large dog on the larger 
thermometers and that of a rabbit on the smaller, the nerve for more 
than half its circumference was in contact with the sensitive surface, 
while the loss of heat from the remainder was largely prevented by 
the vulcanite sliding-piece. Another advantage of the form of the 
apparatus was that it could be used with the nerves in situ, which 
obviated some of the difficulties connected with work of this sort 
on warm-blooded animals. 

In these experiments, the animal (dog or rabbit) was put under 
chloral, chloroform, ether, or morphia. The sciatic nerve was exposed 
on both sides in the gluteal region, and carefully isolated so as to allow 
the free introduction of the thermometers without any possibility of 
dragging. As far as possible, muscular branches were cut. The 
wounds were made perfectly dry and all oozing stopped before the 
thermometers were put in. The latter were supported by universal 
joints on stands. The nerves were now slipped into the grooves, and 
the sliding-pieces brought down and fixed in position. A pair of 
shielded electrodes, with groove and sliding-piece, was now put on one 
of the nerves higher up than the thermometer, and separated from 
it by as large an interval as possible. Generally both the nerves were 
ligatured and divided high up, but sometimes the stimulated nerve was 
left uncut, the other being divided to prevent reflex excitation of its 
fibres. 

It was found that even when the animal was not curarised, the 
thermometers were not affected by stimulation of the nerve when 
mechanical displacement of them was prevented; or if there was 
any effect, it did not appear at once, and could not be mistaken for 
heating of the nerve by the excitation. But since there was generally 
some contraction of the muscles near the thermometer on the 
stimulated side, due prubably in part to slight escape of the stimulating 
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current, and since displacement of the thermometer was not always 
easily controlled, I did not rely merely on these experiments. It was, 
of course, only the absence of any change of temperature which made it 
possible to use this method. Had a rise of temperature been obtained, 
this might have been due to heat produced in the nerve, or to heat 
conducted from the muscles through the vulcanite or along the nerve. 
But since there was no rise of temperature, the case against a warming 
of the nerve is all the stronger. 

By curarising the animal, the possibility of a sensible rapid heating 
of the thermometers by conduction from the active muscles would be 
eliminated, and the only disturbing factor would then be the possible 
changes of temperature bound up with vasomotor changes. I was not 
able conveniently to arrange for artificial respiration in the room which 
was most suitable for the galvanometer, and therefore I did not get the 
full benefit of working with animals well under curara. But this 
was of little consequence since in the non-curarised animal the results 
were negative. 

As I have said, I did not rely merely on experiments made with the 
nerves in situ, but always finished such experiments by placing isolated 
pieces of nerve, generally now from the brachial plexus (as the sciatics 
might be looked upon as more or less exhausted), on the thermometers 
and testing again. 

I also made a number of experiments in which, from the beginning, 
the excised nerves of artificially cooled rabbits were used. Bernard and 
Israel, and Schiff“ have shewn that the muscles and nerves of such 
animals retain their vitality for a long time. The animals were 
closely clipped or shaved over the greater part of the body, chloralised, 


and allowed to cool. 


The following is an example of such experiments. 


Experiment, Sept. 10, 1890. 

Rabbit. Temperature in rectum at 3.45 p.m., 38°°3. Clipped over about 
J of body. Clipping completed at 4.30 p.m. No water used. Animal now 
shivers constantly and draws itself together. Temperature in rectum 37°'1. 
Temperature of room 169. Put in box overnight well covered with grass. 
Next day at 11.10a.m. rectal temperature is 378; at 2p.m. 380. At 
once begins to shiver if taken out of box. 

2.15 p.m. 5 gramme chloral hydrate in rectum. Put on holder. 

3.20 p:m. Temperature in rectum 32°°5. 


1 Archiv f. (Anat. u.) Physiol,, 1877, p. 443. 
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4p.m. Temperature in rectum 29% 2; air 176. 
4.10 p.m. Temperature in rectum 28.8. 
4.25 p.m. Excised right sciatic and put it on small thermometers. 
Zero of bridge wire before 695. 
3 * now 695. 


The nerve was laid at one end on a pair of shielded electrodes with 
sliding- piece; thermometer A was next to the electrodes; between A and B 
the nerve was divided after being put into proper position on both. The 
excitation could therefore only affect the piece of nerve on A. The whole 
arrangement was in a moist chamber at the temperature of the room. 

Stimulated nerve for 30” with stimulus 100. No distinct effect. Stimu- 
lus 50, image very steady, no deflection whatever. 

4.45 p.m. Put stimulating electrodes nearer A. 

Balance bridge wire now 697. (A is now warmer than B by an amount 
correspouding to movement of the slider over 2 divisions.) Image is moving 
very slowly but steadily to left, ic. in direction indicating an increase in 
excess of temperature of A over B. Movement before stimulation is 9 
divisions in 15“. 

Now stimulated with stimulus 50 for 30” and observed amount of 
movement ; it is at rate of 8 divisions in 15”. Therefore no indication thut 
temperature of 4 is increased by the stimulation. 

4.53 p.m. Nerve of muscle-nerve preparation, made at same time as 
sciatic excised, kept under similar conditions, and stimulated to same nn. 
is still quite excitable with stimulus 50. 

5 p. m. Temperature in rectum 242. 

5.15 p.m. Excised left sciatic nerve and put on thermometers as before; 
making another muscle-nerve preparation for control. 

Balance 700. 

Stimulus 50 for 45”. No effect whatever. Tried several times. Nerve- 
muscle preparation quite excitable. 

Approached electrodes near to A, but not quite in contact with it; and 
increased stimulus to 10. 

Balance 695. 

Stimulated: gradual movement of 10 divisions to left, beginning after a 
distinct interval. This increased gradually to 17 divisions to left. This 
deflection indicates warming of A by about th of a degree. But this is 
evidently dependent on the very strong stimulus and the small distance 
between the electrodes and A ; and does not prove a genuine as of the 
nerve during the passage of the impulse. 

5.35 p.m. Nerve of muscle-nerve preparation still excitable. 

5.45 p.m. Temperature in rectum 21°. Animal still breathes, though 
slowly. 
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Electrodes removed to original distance from 4. 

6.5 p.m. Brachial nerves put on A aud electrodes; piece of sciatic 
formerly used, on B. ‘ 

Balance 723. 

Stimulus 50. No effect whatever. . 

A and B put in water at 16°. 

Balance 695. 


As an example of experiments on the nerves in situ take the 
following. 


Experiment, July And, 1890. 


Dog. Large thermometers on sciatic nerves. Muscular branches cut. 

Balance with both thermometers in water at temperature of room 481. 
Balance after thermometers put on nerves 487. 

2.12p.m. Stimulated nerve on A with stimulus 110. No effect on 
galvanometer. 

2.20 p.m. Balance 485 (i.e. 4 is warmer by an amount corresponding to 
4 divisions of wire than before last stimulation). 

Stimulated nerve on A with stimulus 50. No effect on galvanometer. 
Brought stimulating electrodes very close to A; and stimulated again with 
coils at distance 50; deflection of 14 divisions of galvanometer scale in 
direction indicating heating of A. Put electro:les back to original position. 

2.34 p.m. Balance 487. Stimulated nerve on A with strength of 
stimulus 50. No effect on galvanometer. Put stimulating electrodes on 
other nerve, and stimulated it; similar results. Repeated several times. 
Arranged thermometers and electrodes in moist chamber. 

3.40 p.m. Excised one brachial plexus quickly and put on thermometers 
and electrodes, cutting between A and B. Balance 480. 

3.42 p.m. Stimulated. Coils at 50. No effect whatever on galva- 
nometer. Repeated, stimulating for 1} minutes at a time. No effect. 

4.15p.m. Same with brachial nerves of other side. No effect. 


Stimulation of the Spinal Cord. 


In a few experiments a piece of the spinal cord (dorsal or lumbar 
region) still covered by the dura mater was put on one thermometer 
and its lower end stimulated, the other thermometer holding a piece of 
dead nerve or cord. These experiments were all made on cords from 
animals whose nerves had been already used, and which had generally 
been from one to three hours under anesthetics. They were made in 
the hope that the presence of the grey matter might cause a measurable 
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effect, and that perhaps even the absence of a ueurilemma might make 
conduction from the axis cylinder slightly easier. The result, however, 
was, as in the case of the peripheral nerves, negative. 

Besides the difficulty of exposing and excising quickly portions of 
the cord without material injury, and leaving out of account as a 
doctrine now dead or moribund, the so-called non-excitability of the 
cord for direct stimulation, which, however, would in any case not 
be absolute non-excitability as some of the nerve roots would of course 
be excited, we have to consider that there is no certainty that a small 
rise of temperature in even the whole of the grey matter would be able 
to shew itself through the absorbing sheath of white matter, and of 
course there is no probability that the whole of the grey matter would 
be excited. As regards the production of a sensible effect on a 
thermometer in contact with the outside of the cord, the grey matter 
is in very much the same circumstances as the axis cylinder of a nerve 
fibre. 

My negative result in the case of the peripheral nerves of the 
rabbit and dog is opposed to the positive results of Valentin’ in the 
nerves of frogs and hibernating marmots, of Oehl“, whose paper I only 
know through Henle’s Bericht’, in the nerves of hens and rabbits, 
and of Schiff“, in the nerves of frogs and of artificially cooled mammals 
(cats, rabbits, white rats). On the other hand are to be set the 
negative results of Helmholtz', of Heidenhain“, whose paper I only 
know at second hand, and lately of Rolleston’, in frogs’ nerves. The 
last-named observer thought he could have detected a rise of tempera- 
ture of zqhoth of a degree centigrade, if such a rise had occurred. His 
time of stimulation (15—30") seems perhaps rather short, but his 
apparatus followed changes of temperature very quickly. 

For the frog’s nerves, then, we may take it as proved that there is 
no sensible heating of the general sheath of the nerve during excitation. 
More than this we cannot say, for it is only the temperature of the 
outside of the sheath which is measured. We have, therefore, to 
consider whether it is more likely that there should be a measurable 
production of heat in mammalian nerve during excitation. Now the 


1 Archiv f. pathol. Anat, Bd. XXVII. p. 1, 1863; Moleschott’s Untersuch. rx. p. 225, 1865. 
2 Gaz. md. d. Paris, 1866, p. 225 

3 1866, p. 395. 

Archives de physiologie norm. et patholog. pit, 1869; Pfliiger’s Archiv, Bd. tv. p. 230. 
5 Miiller’s Archiv, 1848, p. 144. 

Studien d. physiol. Institut zu Breslau. 

7 This Journal, Vol. XI. p. 208. 
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first point which occurs to one is that the chief observers who have 
noticed a rise of temperature in mammalian nerves have also noticed a 
rise of temperature in cold-blooded nerves. If, however, the observed 
rise in a part of their experiments was accidental, the presumption is 
that a rise of temperature, simultaneous with the excitation but not 
connected with the propagation of a impulse, was not excluded 
in the rest of their experiments. 

In the second place, the rise of temperature has been obtained in 
cooled and excised mammalian nerves. Now although the excitable 
tissues of warm-blooded animals may produce more heat during excita- 
tion than those of cold-blooded animals, this depends largely on the higher 
temperature, and on nutrition being properly maintained; and it is 
by no means clear that the excised nerve of a rabbit at the ordinary 
air-temperature, or of a hibernating marmot, are likely to be more 
favourable objects for such experiments than cold-blooded nerves. 
But, besides, so long as the nerve of the cold-blooded animal has not 
been proved to produce any heat during excitation, it is useless to 
argue that because mammalian nerve may be expected to produce three 
or four times as much as frog’s nerve, there ought to be a sensible rise 
of temperature in the former, 

I think that in this connection far too much weight has been given 
by some to the analogies between the activity of the nerve and of the 
muscle, and too little weight to the physiological and anatomical 
differences. As regards the physiological differences, Rolleston remarks 
that in nerve, “assuming heat to be evolved, the quantity, even at a 
maximum, would be so small as to be practically useless to the 
economy at large.” There would therefore be no advantage in the 
energy of the nerve impulse being wasted largely as heat, while in 
the case of muscle the heat production is of use. I have also touched 
upon this point in another connection’. 

The anatomical differences are noteworthy. In ordinary skeletal 
muscles, such as the thigh muscles of the frog, the contents of the 
sarcolemma make up the greater part of the muscles; and, while there 
may be a difference of opinion as to what the essentially contractile 
part of the fibre is, there cannot, I think, be much doubt that the seat 
of the actual heat production must be at least a large proportion of the 
whole fibre. 

In nerve, so far as we know, the axis cylinder is the only 
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functionally active part, and is therefore the only part in which an 
increased heat production can be expected during excitation. 

My friend Mr A. F. Stanley Kent of Magdalen College and the 
Physiological Laboratory, Oxford, has been good enough to give me 
data, from actual measurements, for calculating the ratio of the united 
sections of the axis cylinders to the total section of the anterior and 
posterior roots of a mammalian spinal nerve. The measurements were 
made on hardened specimens. 


Diameter of anterior root 1-238 mm. in one direction and 1-008 in 
another. Section, x x 1-254 sq. mm. 
Average diameter of a fibre 0-019 mm. 
Number of fibres 2265 (in 21 fasciculi). United section of fibres x x 817 
sq. mm. 
- Ratio of united section of fibres to total section of anterior root H 
Average diameter of an axis cylinder 00044 mm. 
Ratio of average section of axis cylinder to average section of nerve 
fibre 
Ratio of united section of axis cylinders to total section of anterior root 
= say 035 or about 
Posterior root (one bundle measured), diameter 0°2085 mm. 
Fibre, average „ 0-0146 „ 
Axis cylinder, average „ 00033 „ 
Number of fibres 160. 
Ratio of united section of axis cylinders to total section of the bundle 
$49 =say “04 or 


From these measurements it would appear that about two-thirds of 
the nerve are made up of nerve fibres, and only about sth of axis 
cylinders. Of course these proportions must vary according to the size 
of the nerve, and it is possible that they are different in fresh nerves; 
but in any case the axis cylinder must form only a small part of the 
whole nerve trunk. 

The diameter of the axis cylinder of a fresh medullated nerve fibre 
of average size, belonging to a peripheral nerve, is, let us say, half that 
of the fibre. The section of the axis cylinder will then be one-fourth 
that of the fibre. For a fresh nerve trunk like the sciatic it will 
probably not be below the mark if we take the united sections of all 
the nerve fibres as from a half to a third of the section of the whole 
nerve, the connective tissue, fat, lymph in the lymph spaces, and blood 
in the vessels, making up the rest. At most, then, the really excitable 
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tissue will not be more than a tenth of the whole nerve, and 
probably in many cases not more than a fifteenth. But let us 
take the proportion as a tenth. The heat production during ex- 
citation, if there be a heat production, will take place in thin isolated 
strands of tissue, buried amidst nine or ten times their bulk of 
inactive material; and the heat must first be distributed over all 
this before it can affect the measuring instrument. Suppose that the 
heat produced in the axis cylinder during a stimulation of a minute 
is sufficient, if it were not conducted away, to raise the temperature 
of the axis cylinder by 01, that is a heat production of the same order 
as in the active muscles of the frog; this would only be enough, if we 
take the specific heat of the different elements of the nerve as about 
the same, to raise the temperature of the whole nerve by 0°01, even if 
the heat were at once uniformly distributed. But we could not expect 
such an increase of temperature to be shewn by the instrument in an 
actual experiment. For even if the temperature of the components of 
the individual nerve fibre is assumed to be sensibly uniform, there 
is always a layer of by no means good conducting tissue between the 
sensitive surface of the thermometer and the outermost bundle of 
nerve fibres. So that even if the heat production in the active axis 
cylinder were as great as in the active muscle, the observed rise of 
temperature could not be anything like 0°01 C. 

Of course some heat is being lost from the muscle from the time 
when the temperature of its surface begins to rise, And even if the 
excitation could be kept up in full strength for an indefinite period, the 
temperature of the muscle would not of course rise beyond the position 
of equilibrium, at which the loss was equal to the production. Since 
the loss of heat from a surface at a temperature a little above that of 
the air may be taken as approximately proportional to the excess of 
temperature, the temperature of equilibrium may be taken as propor- 
tional to the rate of heat production. Suppose we have a muscle 
and a nerve of precisely the same dimensions with the same coefficient 
of emission, conductivity etc., then, on the assumption that the rate of 
heat production per gramme of active tissue is the same in both, and 
that the active tissue is uniformly diffused through the mass, the 
temperature of equilibrium will be proportional to the ratio of active to 
inactive tissue in each. 

Of course the smaller the diameter of the nerve is in an actual 
experiment, the more unfavourable will the conditions be, for the 
greater will be the surface in proportion to the volume. And even 
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when the nerve is well enclosed heat slowly produced will not have 
anything like the same chance of affecting the thermometer as the 
same quantity of heat quickly produced. 

Valentin’ in one of his experiments found that during stimulation 
for 14 minutes the temperature of a frog’s sciatic nerve rose 0°021, and 
went on rising for some time after the stimulation was stopped to 
0054 C. above the original temperature. This would mean, according 
to the above calculation, that in 14 minutes enough heat was produced 
in the axis cylinders to raise their temperature by at least 0°21 or even 
by 0°54, which is two or three times as much as Helm holtz* observed 
in the active muscles of the frog. To put it in another way, the rate of 
production of heat in the active axis cylinders of the nerve of a frog 
might be at least 5 times, and perhaps 10 or 12 times, as great as 
the average rate of production in the whole body of a man doing 
ordinary work. 

I think it is plain that, if we admit that the whole, or the greater 
part, of the hypothetical heat production connected with the propaga- 
tion of the nerve impulse is in the axis cylinder there is no probability 
that Valentin’s positive result was really due to the nerve impulse. 
He indeed expressly says that he does not commit himself to the 
statement that the rise of temperature is due to the functional activity 
of the nerve. There are two other things which may be connected 
with it, electrotonus and the negative variation. 

As to the latter, it seems an over-refinement to attempt to discon- 
nect it from the nerve impulse ; but it is not difficult, I think, to see that 
it is not likely to have much effect. Let us consider the heating effect 
of currents of the order of the demarcation current on the assumption 
first that the whole energy of the current goes to produce heat, and 
secondly that the current passes longitudinally through a piece of nerve 
of which a cross section and point on the longitudinal surface are 
connected in the usual way by an external circuit. The first assump- 
tion is, of course, too favourable to the heating effect, because a portion 
of the energy is at first expended in producing polarisation ; but against 
this may be set the possibility or probability that the electromotive 
force is under-estimated and the resistance of the internal nerve 
circuits over-estimated when we determine them by closing an external 
circuit through a galvanometer. 

For the heat produced by a current flowing through a wire we have 


1 Op. cit. 2 Op. cit. 


4 
a 
1 
7 
4 
4 


TEMPERATURE MEASUREMENTS. 423 


the expression H =F tate, where E is the electromotive force, C 

the current, ¢ the time, J Joule’s equivalent, and R the resistance. 

Taking E as the maximum electromotive force between longitudinal 

surface and cross section of a frog’s sciatic, ie., say, gyth of a volt (du 

Bois-Reymond), and expressing everything in C.G.8. units, we get 
10˙ 

H = 2 10 I R * the maximum amount of heat produced in 


14 minutes by the passage of a current of the order of the demarcation 
current throngh a piece of nerve of resistance R ohms, i.e. 


H 


9 1 
427 KR 116 R 

Suppose the nerve to be the sciatic of a medium-sized frog in the 
upper part of the thigh and take the resistance of the part through 
which the current is imagined to flow in the longitudinal direction as 
100,000 ohms, which is something like the resistance one has when 
2 cm. or so of an average sciatic nerve is led off in the ordinary way. 

We thus get H = rden gramme-degrees. This is produced, say, 
in a piece of nerve of one-third of the mass of our average sciatic nerve, 
i. e. = gramme, or ;},; gramme. Take it as z gramme. Then the 
rise of temperature in the piece of nerve could not be more than 
Tuchvoth degree. 

With the same E.M.F. acting through +, of this resistance the piece 
of nerve being, say, only 2 mm. long, the rise of temperature could not 
be more than ;_4,5th degree. 

With an EMF. of a volt acting through a resistance corresponding 
to 2 cm. of the nerve the maximum rise of temperature in 14 minutes 
would be 2,500 times that produced with an EM. r. of , volt, ie. 
auth of a degree; and with an k. M. r. of a volt acting through a resistance 
corresponding to only 2 mm. of nerve, the maximum rise of tempera- 
ture might be 

Between the stimulating electrodes, therefore, whether voltaic or 
induced currents were used for stimulation, there may be a very 
appreciable heating of the nerve; and the nearer the electrodes are 
to the measuring apparatus the greater of course is the chance of 
heating by conduction. When the sensitive surface is not covered 
there is also the possibility of its being heated by radiation. In my 
apparatus the latter source of fallacy was avoided. 
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Electrotonic currents, on account of the considerable E.M.F. connected 

with them, often far exceeding that between longitudinal surface and 
cross section of a nerve, are also in a position to produce sensible 
changes of temperature ; and, since they may spread quite down to the 
pile or thermometer, they are probably at least as likely to cause errors 
as direct heating between the stimulating electrodes. The same is true 
of unipolar action. It should be remembered that the passage of a 
current will warm the whole nerve, and the heat produced in this way 
will therefore have a better chance of heating the thermometer than an 
equal quantity produced in the axis cylinder would have. 
I cannot say that any of these things caused much trouble in my 
experiments. Generally there was no trace of any effect on stimulation 
unless the electrodes were intentionally brought near the thermometers. 
The cause, I think, of the absence of these disturbing effects was chiefly 
the comparatively great distance between the electrodes and the nearest 
thermometer. This varied from 2˙5 cm. to 5cm. The fact that the 
sensitive surface was completely enclosed would probably also help to 
avoid accidental heating. 


Conclusion. 


Speaking quite roughly, I think we may say that in the 
nerves of rabbits and dogs there is not even a rise of tempera- 
ture of the general nerve-sheath of scheth of a degree 
during excitation. This does not exclude the possibility that in an 
axis cylinder more heat may be produced during excitation than would 
suffice to raise its temperature by g},th of a degree. The rate of 
heat production in the active axis cylinder might possibly be more 
than th of the rate in the active muscle of a frog without being 
detected by the arrangement I used even if the whole heat was 
distributed at once without loss over the whole nerve. 

Rolleston has stated that the temperature of frog’s nerves is raised 
as the nerves die, the heat produced in the part of one nerve on the 
thermometer being often enough to warm the thermometer, the solution 
in which it was immersed and the vessel containing it, by }° C. 

“This alteration in temperature,” he says, “the amount of salt 
solution 0797 gramme, the weight of the glass cup 2003 gramme, the 
specific heat of glass ‘198 and the duration of the period during which 
the temperature of the smaller thermometer is raised, constitute the 
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data for approximately calculating the amount of heat evolved from 
a definite portion of nerve in the process of dying.” He does not state 
what the weight of the piece of nerve immersed might approximately 
be in any of the quoted experiments. But it is easy to calculate, on the 
assumption that the solution contained half or even three-fourths of 
the sciatic of a large frog, what the smallest possible heat production 
per gramme of nerve, corresponding to the observed rise of temperature, 
could be. I must say, after making this calculation, that I find it 
difficult to agree with Rolleston in attributing the effect to formation 
of heat connected with the death of the nerve. It seems too large an 
effect for this. Besides Rolleston found it at a time when only the 
cut ends of his nerve could be “ dying,” and the ends were not near the 
thermometer. Even if the so-called “coagulation” of the white sub- 
stance of Schwann could be described as dying of the nerve, it seems 
difficult to connect it with such a great production of heat. 

I did not look specially for a corresponding rise of temperature 
in mammalian nerves. In most of my experiments both thermometers 
were in contact with nerves presumably of the same vitality, and 
therefore the effect would not be brought out even if it existed. 
Where one of the thermometers was in contact with dead nerve and the 
other with nerve not yet dead, I did not notice any shifting of the zero 
which would justify me in speaking of a heat production in dying 
mammalian nerve. 
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THE CARDIOPNEUMATIC MOVEMENTS. By JOHN 
BERRY HAYCRAFT, M.D., anD ROBERT EDIE, M.B. 


(From the Physiological Department of the University of Edinburgh.) 


In addition to those great respiratory movements of the chest, which are 
due to the alternate expansions and contractions of its cavity, there are 
superadded movements, comparatively insignificant, which seem to 
depend for their production upon the circulatory mechanism. 

Historical. C Voit (, as long ago as 1865, found that on closing 
the nose, keeping the glottis open, and holding the breath, the air 
within the respiratory passages moves to and fro in tiny expiratory and 
inspiratory puffs alternating with one another. He timed these with 
the heart-beats, and observed that each inspiratory motion coincided in 
point of time with a cardiac systole, each expiratory puff with a cardiac 
diastole. He concluded that these movements are due to changes in 
the size of the heart, which organ diminishing in size during its systole, 
draws air into the chest-cavity, and, on the other hand increasing in 
size at diastole, forces air out of the chest. 

Soon afterwards Ceradini(3) confirmed Voit’s observation, and 
demonstrated the phenomena by means of a glass tube filled with 
tobacco-smoke and held between the lips. With the breath held and 
the glottis open he observed the smoke rising and falling in the tube 
synchronously with the circulatory movements. He also took tracings ; 
but these were never published. 

The condition in which the heart assumes its smaller dimension 
Ceradini termed Meiokardie (uebi, to make small, and «apdia), and 
the condition in which it assumes its greater bulk Auxokardie (avfdvew 
to increase). But Ceradini pointed out that the influence exerted 
upon the air within the chest cavity could not be accounted for by the 
difference between these two conditions. For, although the heart may 
diminish in size at each systole (condition of Meiokardie), yet not more 
than half the blood which then leaves it, will leave the chest cavity ; 
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the remainder will merely be displaced into the pulmonary circulation. 
Further he pointed out, that during the cardiac systole, blood is 
entering the chest by the veins, compensating in some degree for the 
diminution in size of the heart and loss of arterial blood from the 
chest. 
In a subsequent paper Ceradini(4) pointed out that the inspiratory 
movement of air cannot exactly coincide in point of time with the 
systole of the heart, because at the beginning of contraction, the blood 
from the heart is merely displaced from its cavity to the big arteries 
within the chest, any diminution in its volume being compensated for 
by an equal increase in their size. It is only after a short but 
appreciable interval that the blood is displaced into the extra-thoracic 
region; and at this moment, said Ceradini, the inspiratory movement 
occurs; while he goes on to say that immediately following is an 
expiratory movement due to the rebound of arterial blood to the chest, 
and to the fact that venous blood at this moment is rapidly pouring 
into the cavity and filling the expanding heart. 
Landois(2) (whose observations were subsequently confirmed by 
Brunn) investigated the matter still more fully, experimenting both 
on human subjects and on dogs under the influence of curara. He 
demonstrated the cardiopneumatic movements by means of water 
manometers, and by the manometric flame; and at the same time by 
using a writing tambour he took careful tracings, His results were 
confirmatory of those of Ceradini, but his explanations of the phe- 
nomena rather more detailed. 
At the time of the first sound—commencement of systole—he 

observed that the air was being driven from the chest, and he explains 
it on the assumption that blood is flowing into the chest while the 
accumulated arterial blood is still intra-thoracic; and further, he 
considers that the expiratory movement will be assisted by the dilating 
pulmonary vessels exerting a pressure on the bronchioles around which 
they anastomose. Rapidly following the commencement of the systole, 
a powerful inspiratory movement occurs, explained by him as being due 
to the fact that arterial blood is now leaving the chest much more 
rapidly than venous blood is entering. 

At the moment of the second sound—when the semilunar valves are 
suddenly closed by the rebound of the arterial blood—an expiratory 
movement again takes place (vide Ceradini). Landois also enu- 
merates several other factors which he considers influence the cardio- 
pneumatic movements. For instance, the cardiac impulse, which 
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slightly pushes forwards the fifth costal interspace (so expanding the 
chest) will produce an inspiratory movement which will go to neutralise 
in some slight degree the faint expiratory movement which precedes 
the main inspiratory movement. Again, as the blood flows through 
the vessels lining the mouth and nose, these cavities are rendered 
smaller, just as he supposes the air-passages of the lungs are diminished 
by the dilating pulmonary vessels: and this will necessarily con- 
tribute towards an expiratory effect which will tend to neutralise 
the main inspiratory movement. He also takes into account the 
diminution in the bulk of the muscular substance of the heart during 
its contraction. 

In the case of the pulmonary vessels which have been referred to 
as pressing on the air-passages when distended, we consider that it is 
doubtful whether the distension of these arteries immediately after the 
commencement of the systole may not expand the lungs, just as it was 
at one time supposed that the coronary vessels of the heart helped to 
distend that organ when they themselves were engorged with blood. 
And the same may possibly apply to the vessels of the mucous 
membranes of the mouth and nose; though it is more unlikely owing 
to the comparative rigidity of the walls of these cavities. 


Fie. 1. 

The lower curve is a tracing of the human carotid pulse. The upper is a tracing taken 
simultaneously with the lower one, and shews the pressure variations in the mouth, 
pharynx, and nose. A tube from the tambour which traced it was held by the lips while 
at the same time the nostrils and glottis were kept closed. Lines giving simultaneously 
formed points on the two curves occur at their commencement. 


Fig. 1 represents two tracings taken simultaneously, the upper one 
of the air pressure within the nose and mouth, the lower one of the 
carotid pulse. The upper curve was taken by means of a Marey's 
tambour in communication with the mouth, while the glottis and the 
nostrils were closed. It indicates clearly enough a pressure variation 
and an expiratory puff synchronous with each carotid pulsation; and 
Landois is here perfectly correct. If however the lungs of an animal 
(the lungs we experimented with were those of the rabbit and sheep) 
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be removed from the body, the trachea brought into connection with a 
Marey's tambour and blood or normal saline solution forced in jerks 
through the pulmonary circulation, the lungs will be found to expand 
and draw the air in from the tambour in puffs. 


** 


Fie. 2. 

The upper curve is taken by a tambour connected with the trachea of a rabbit so as to 
record any variation in pressure within the respiratory passages. The curve falls on four 
occasions indicating that the respiratory passages are then expanded. These “ falls” 
almost immediately follow peaks on the lower curve indicating when fluid was injected. 
into the pulmonary artery of the animal. 


Under the tracing (Fig. 2) the time is given when the syringe 
was discharged which is recorded by pressing upon a marking key at 
the moment of emptying the syringe. The tracing above, indicates the 
air pressure within the lungs. 

It appears therefore in the case of the lungs, that during each 
cardiac contraction an inspiratory movement of air will take place. It 
is possible, however, that within the chest cavity this may not occur. 
If it does, the extent to which this takes place will depend upon 
the rigidity of the chest cavity. We cannot without experimental 
evidence decide the question, and that experimental evidence is not 
pet forthcoming. 


Movements occur with the opened chest. 


As already so fully pointed out, previous observers looked upon the 
cardiopneumatic movements as resulting from diminutions and expan- 
sions of the heart and blood-vessels within the closed cavity of the chest, 
these alterations of volume-only taking place at the expense of the 
respiratory air within the cavity. But (as we were able to demonstrate 
on more than one occasion) they occur equally well with the 
chest cavity open and freely communicating with the outer 
air. 

A rabbit was etherised and placed under the influence of curara, 
artificial respiration being kept up, and a side branch from the tracheal 
cannula was placed in communication with a Marey’s tambour. On 
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stopping the respiration, opening the communication with the tambour 
and clamping the tube passing to the bellows, the cardiopneumatic 
movements were well seen, and tracings can thus readily be ob- 
tained on the revolving cylinder (Fig. 3, A). 


Two cardiopneumatic curves from the rabbit are here represented, the lower one A 
before, and the upper one H after opening the chest cavity. They are in every way 
similar. In both curves amplitude of the curve increases from left to right, because 


the animal deprived of air was becoming asphyxiated, the heart becoming engorged with 
blood during each diastole. 


If, after having taken a tracing, the artificial respiration be resumed, 
the abdominal cavity opened, the anterior attachments of the diaphragm 
cut away along with the anterior chest wall in its lower part, so that the 
cavity freely communicates with the external air, the cardiopneumatic 
movements may be seen as well as before as soon as the respiration 
is stopped (Fig. 3, B). It is obvious therefore that the hypotheses 
of Ceradini and Landois can hardly be accepted as explaining, at 
any rate, the chief movements to be observed. 


Probable cause of the movements. 


It occurred to us that probably the cardiopneumatic movements were 
for the most part simply due to the heart pressing against the lungs, 
and, that the lungs acted like an oncometer placed around it. The 
lungs which invest the heart will be subject to similar influences and 
the air within them will suffer variations in pressure similar to those 
within a cardiograph placed upon the chest wall. 

As this action of the heart would still operate after opening the 
chest provided the heart remains clasped by the lungs, it appeared to 
us to be the only possible explanation of, at any rate, the chief move- 
ments. The proof of the soundness of our deductions was easily 
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obtained ; for, on lifting the heart away from the lungs by means of 
a pair of forceps, the cardiopneumatic movements almost entirely 
ceased (Fig. 4), slight undulatory movements alone remaining, due 
no doubt to trifling alterations in the capacity of the respiratory 
passages owing to the periodic variations in the turgidity of the 
pulmonary vessels which occur with every heart-beat. 


Fia. 4. 


In figure 4 there are three tracings, the upper one (1) was taken from a rabbit with the 
chest cavity in its normal condition, and the tracing (2) after making a free opening into 
the cavity. Tracing (3) was obtained by lifting the heart (4) away from the lungs when 
the movements almost entirely ceased, and then allowing it to fall back upon the lungs 
) when they recommenced once more. 


That the movements are still somewhat small in Fig. 4 after the 
heart has been allowed to fall back upon the lungs, is no doubt due to 
their displacement; for, whereas in the closed or partly opened chest 
they clasp the heart receiving the full effect of its every movement, 
when the whole chest wall has been removed, the pericardium opened 
and the heart pulled away from its position, the relation of parts has 
been disturbed and the lungs never come into their former intimate 
association with the heart. 

These facts therefore clearly prove that the cardiopneumatic 
movements simply result from what we may term the “ massage” of the 
lungs by the heart itself, and it becomes now a question of some interest 
to compare the cardiopneumatic with the cardiographic tracings. 
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-Tracings compared with those of a Cardiograph. 
If a cardiopneumatic tracing is compared with a cardiographic 
tracing taken simultaneously as in Fig. 5, it will be seen to be—in the 
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Fie. 5. 


Two tracings taken simultaneously are here shewn, the upper one of the cardiopneumo- 
graph, the lower one of the cardiograph. The lines (z and 2’) in both curves run through 
points marking the commencement of the ventricular systole. In both curves the levers 
ascend and then fall to o and o’ marking the end of systole, being the lowest point on the 
cardiopneumatic curve. 
main—a simple cardiogram. In these tracings taken from the human 
subject the upper represents the cardiopneumatic movements, the lower 
a cardiogram taken by means of an ordinary Marey's cardiograph. 
The cardiogram is not a typical one, as neither of us possesses thin chest 
walls; but the commencement of the systole is sufficiently though only 
slightly marked (a’). It will be observed that as the heart changes in 
size it exerts pressure on the tissues surrounding it, causing nearly 
simultaneous changes both in the cardiogram and in the cardio- 
pneumatic curve. If we begin our study of the curves at (c) we shall 
see that at the moment of the commencement of the ventricular systole 
both levers go up exactly together giving a slight but distinct elevation 
to both curves (Fig. 5, 4 and a’). Ceradini and Landois are right 
therefore in saying that a slight expiratory movement of air takes place 
at this time, though, obviously, their explanation is erroneous. 

This expiratory movement occurring after æ and & corresponds then 
with the upstroke on the cardiogram, so evident in a more typical 
tracing taken from a person with thin chest walls. In a paper devoted 
to the study of the cardiac movements (7) the nature of this part 
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of the curve will be fully explained, we may here simply affirm that 
like the simultaneous upstroke of the cardiograph it is caused by 
the heart, which, yielding and flaccid during diastole, is distorted and 
pressed upon by both lungs and chest wall, and as soon as it passes 
into systole resents this distortion, pressing back upon either the 
lungs or the chest wall or both. After this slight elevation, not 
always present, the lever descends at once to its lowest point, during 
which the lever of the cardiogram descends as well. The explanation 
is very simple, for as the heart contracts and empties itself of blood, 
its walls recede from the chest wall in front and from the lungs 
behind. The cardiogram does not reach its lowest point quite as soon 
as the cardiopneumatic curve, the latter rising quickly after its main 
fall, and then more slowly to the point &. As however physiologists are 
by no means agreed as to the interpretation to be placed upon the 
cardiogram, it is superfluous at present to do more than indicate the 
general resemblance between these two tracings. The more detailed 
comparison, involving as it does a thorough analysis of the cardiogram 
itself, will be discussed in a future paper’. 

The cardiopneumatic curve represents the variations in the mean of 
the pressures exerted by the heart during a cardiac cycle, while the 


cardiographic curve represents the variations of the pressure at a 


definite spot. This is the interpretation that we put upon the 
curve, and, if it be correct, the cardiopneumatic curve will be the 
truer interpreter of the heart as a whole. 
It will be noted that there are several tiny waves (two or three) on 
the cardiopneumatic curve during the latter part of diastole. These we 
0 
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Fic. 6. 

A cardiopneumatic : This curve shews the tiny movements of the lever below 
the letter o. These 3 inertia oscillations following the previous displacement 
of the lever. The movement at z is however larger than those that precede it and is due 
to the commencing systole. | | 
believe are simple oscillations, and this fact is especially well brought 
out in Fig.6. After the displacement caused by a violent systole 


1 The nature of the Cardiogram is fully discussed in a paper by one of us in this vol. 
of the Journal of Physiology. 
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neither the heart nor lungs or registering apparatus will at once come to 
rest, and oscillations will occur similar to those seen when working with 


the sphygmograph etc. 


Tracings compared with those of Carotid pulse. 


In Fig. 7 are represented tracings, taken simultaneously, of both 
the cardiopneumatic movements and of the carotid pulse. The tidal 


°b 


Fie. 7. 


Simultaneous tracings of the cardiopneumograph (upper curve) and carotid (lower 
curve). Time marking eth sec, At æ in upper curve the ventricular systole commences, 
and the corresponding point on the carotid precedes the tidal wave by about th sec. 
The lowest point on the upper curve marked indicates the end of systole, and precedes the 
commencement of the dicrotic wave also by about »,th sec. 


wave of the carotid follows the commencement of the systolic upstroke 
of the cardiopneumograph in from ih to 7, of a second, that time 
elapsing before the pulse wave reaches the carotid. 

By comparing these two tracings we can obtain at any rate 
approximately correct information as to the actual spot on the cardio- 
pneumatic curve at which the second sound occurs (closing of the 
semilunar valves). The dicrotic wave leaving the heart after the tidal 
wave will not in so short a distance appreciably lag behind the latter. 
If it takes ; of a second for the tidal wave to reach the carotid, it will 
take the dicrotic wave practically the same time, and in this case if we 
find the point on the cardiopneumatic curve which corresponds in point 
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of time with the commencement of the dicrotic on the carotid, and if we 
put back that point iu of a second, then that will be the position on the 
former curve marking the time at which the dicrotic wave starts from 
the closed semilunar valves. This will at once be seen to correspond to 
the time at which the heart assumes its smallest dimensions, falling 
at the lowest part of the cardiopneumatic curve (Fig. 7 ). 

Landois’ tracings. 

If we return to our historical view and ask how Voit, Ceradini and 
Landois could have overlooked the causes really at work to produce 
the cardiopneumatic curves, it will not be difficult to find an answer. 
Voit never took tracings of the movements at all; Ceradini apparently 
did but never published them; while Landois alone obtained satisfactory 
tracings, and attempted experimentally to investigate these. His curves 
are similar to ours but are very small; and the position of the first and 
second heart sounds roughly indicated by figures placed below the 
curves. It is a pity that he did not go a step or two further when 
their entire explanation must have dawned upon him. There can be 
little doubt that Voit, Ceradini and Landois thought the explanation 
of the cardiopneumatic movements so simple that they considered, not 
unreasonably, that more prolonged investigation would be an unnecessary 
waste of labour. Their position was this: that the chest is filled with 
both blood and air, and anything which empties it of blood will tend to 
fill it with air; and truly enough the inspiratory part of the cardio- 
pneumograph corresponds with the greater part of the systole, and the 
expiratory part with the diastole. But as soon as we enter into details, 
these factors are seen to be complicated; and when we read the views 
of Landois detailed in the first part of the paper, we feel that with so 
many factors of undetermined value, and acting at periods of time 
not definitely known, it would be possible to explain the cardiopneu- 
matic curve, even if it had quite another appearance from what it has. 
In fact, a priori reasoning in such a case is not only useless, but is almost 
certain to be misleading; and where the factors are so numerous, the 
method must be analytical rather than synthetical. 

The truth of this assertion is amply shewn in this particular case ; 
for by opening the chest, the movements go on as before; and none of 
the factors mentioned by Ceradini and Landois is measurably con- 
cerned in producing the movements they described: they are due to 
another cause which seems to be almost the sole determining factor 
in their production. 
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Utility of the Movements for investigation. 


These cardiopneumatic movements will, we believe, be of great 
value in physiological work, inasmuch as they give one a very precise 
idea of the changes in volume of the whole heart within the opened 
or unopened chest, whereas the apex-beat simply gives one information 
concerning changes of pressure at one spot at a time. 

For clinical purposes they will be of little utility. One of us 


has experimented for some time in the hope of making these tracings 


of assistance to the clinical physician, but he encountered great obstacles, 
the chief one being that only about half of the patients experimented 
upon could demonstrate them at all. The chest must be kept rigid, 
and the glottis opened, all movements being avoided, and this is very 
difficult except in the case of patients who are both 0 and 


phlegmatic. 


Conclusion. 


(1) The cardiopneumatic movements do not result from changes 
in the quantity of blood within the chest expelling the air from it 
or causing it to enter the cavity as Voit, Ceradini and Landois 
affirm, inasmuch as they occur with the chest cavity open. 

(2) They are due to the changes of pressure exerted by the 
heart upon the investing lungs; and these movements cease on lifting 
the heart away from the lungs. The lungs act as oncometers to the 
heart. 

(3) They resemble cardiographic tracings in general outlines, but. 
are really what one would obtain by getting the mean of a number 
of cardiograms taken from different parts of the heart. 

(4) They shew the “apex-beat” followed by the inspiratory fall of 
the lever as the heart assumes its smallest volume, at the lowest point 


of the lever the semilunar valves close, after which the expiratory rise 


of the lever occurs—marked with oscillations due to mass —as the 
heart distends and presses upon the lungs. 

(5) Distension of the pulmonary vessels causes expansion of the 
lung, not contraction as Landois affirms, although it may possibly do 
so when within the closed chest cavity. 
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THE MOVEMENTS OF THE HEART WITHIN THE 
CHEST CAVITY AND THE CARDIOGRAM. By JOHN 
BERRY HAYCRAFT, M. D., D. Sc., F. R. S. E. 


(From the Physiological Department of the University of Edinburgh.) 


My own interest in this subject arose in connection with the cardio- 
pneumatic movements which, in conjunction with Dr Robert Edie, 
I was engaged in investigating (). We found that these corresponded 
in the main with the movements of the cardiograph, but when we tried 
to interpret them by means of the latter curve we realised how little 
we really knew about the Cardiogram itself. In revising the literature 
of the subject, I found that although nearly all authors are agreed as to 
the point upon a cardiogram which corresponds with the commencement 
of the ventricular contraction, yet that appears to be the only well- 
established fact upon which any reliance can be placed. So essential a 
matter as the position on the curve which marks the end of the systole 
is described differently by Marey, Landois, Martius, and Edgren, 
and this clearly indicates that the movements of the heart producing 
this curve are as yet insufficiently understood. In my reading I became 
also convinced of two additional facts, namely, that observers had in 
many cases interpreted as essential, parts of the cardiogram which were 
due solely to the mechanical properties of the instruments used; and 
also that many errors had been committed from the use of arguments, 
drawn from a study of the excised heart, or of the heart in the opened 
chest, which could not legitimately apply to the heart beating within 
the unopened chest cavity. I determined therefore to make a very 
systematic study of the cardiac movements in order to understand for 
myself the cardiogram, and by its help the cardiopneumatic curve. 


The Cardioscope. 


Inasmuch as much attention has been given to the movements of 
the excised heart, and the heart beating within the opened chest, 
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I decided to investigate these in the first instance, and then to make a 
final study of the natural condition. A very simple yet perfectly exact 
method for observing these movements occurred to me. They are too 
complex, as is so graphically described by Harvey, for one to investigate 
them by unaided observation, but this is rendered comparatively easy by 
the assistance of modern scientific apparatus. I constructed an instru- 
ment that I would venture to call a “cardioscope,” which consists of a 
telescope with a biconvex lens in front of it, and with a piece of glass 
ruled in equal squares in the eye-piece. This is fixed in a stand and 
the beating heart, magnified or diminished according to the size of the 
image desired, is seen through the field of equal squares. A piece 
of paper also ruled in equal squares is taken and the heart is drawn 
upon it in the following way: — Any point is selected, to begin with 
say the apex, and a dot is made upon that part of the paper which 
corresponds to the position of the apex in the field of equal squares. 
It is well to have the field of squares crossed by diagonal lines at right 
angles to each other to serve as directors, and these can be drawn upon 
the paper as well. When the position of the apex is indicated by one 
dot for its diastolic and another for its systolic position, then another 
part of the heart may also be observed, and when a sufficient number of 
these observations have been recorded the whole heart may be drawn in 
by joining the dots. In this way a perfectly correct drawing of the 
heart both in systole and diastole may be made and the changes in form 
accurately represented. 


My first investigations with the cardioscope were upon the heart of 
the frog, taking great care to expose the heart without the loss of blood. 
Fig. 1, a represents the heart of a frog seen from the right side, the 
ventricle in systole and the auricle in diastole, while a’ represents the 
same heart, the ventricle being in diastole and the auricle in systole. 
The changes of the ventricle which concern us more than those of the 
auricle are as follows:—the long axes and also the front to back 
diameters diminish during systole and increase during diastole, so that 
in the latter condition the heart bulges towards the sternum and the 
apex descends away from the base. 

Fig. 1, ö and b’ represent the view of the heart from the left side and 
similar facts are to be observed. In Fig. 1, c and o represent a view 
of the heart looking up at it from its apex, and it will be noted that 
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Cardioscopic observations with the frog. 
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Cardioscopic of the frog's heart, the animal having been killed so as to avoid 
the loss of any blood. (a) View of heart from the right side, the ventricle being in systole, 
the auricle in diastole, (a) the same except that the ventricle is now in diastole, the 
auricle in systole. (b) heart viewed from the left, the ventricle in systole, (b’) the 
ventricle in diastole. (c) View of the heart —— up from the position of the a 
12 the same in diastole. The lines represent ay sections of the base of the ven 
4) View of the heart from the front, the ventricle in systole, R the left auricle in diastole, 
{ n ventricle in diastole, the right auricle cannot now be seen; it is 

the conus arteriosus. 
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not only are the length and front to back diameter increased during 
diastole but also the side to side diameter as well. If we look down 
upon the heart so as to obtain a view of the front we shall see 
appearances shewn in Fig. 1, d, d. During systole the base of the 
heart and aorta move downwards while the apex slightly ascends and 
generally moves to the left, while at the same time the sides close 
in towards the centre, the movements of the right side being slightly 
more extensive than those of the left. 

We see therefore that in the opened chest the heart increases in all 
dimensions during diastole, and as regards the front to back movement 
with which we are chiefly concerned, there is no doubt that it is 
increased, whether we take our measurements near the base or near 
the apex. One can see the ventricles redden and dilate protruding 
distinctly forwards during each diastole, and whiten shrinking back- 
wards with each systole. 

If now we bleed the frog or expose the heart after careless pithing 
the changes are of a quite different kind, for we must remember that 
in this case no variation in the total bulk of the organ can occur 
inasmuch as there is no fluid to flow into and to be pumped out of 
the heart. The condition that we are now about to study is not a 
physiological condition inasmuch as it does not occur during the life 
of the animal, and as we shall see the changes in shape are quite 
different from those observable when the circulating apparatus is full 
of blood. In the diastole there is no filling of the cavity with blood, 
and any change in the shape of the heart results from the greater 
strength of the “pull” of the muscular tissue in some directions than 
in others, or from some other cause. 

In Fig. 2, a and a’, we see the bloodless 3 through the cardioscope 
viewed from the side, and we see at once that the changes are the 
reverse of those which occur in the normal condition. It is during 
systole now that the front of the heart bulges forwards and often in 
active organs the apex is tilted freely in the air. In diastole the front 
to back diameter diminishes and the apex moves downwards. In 
Fig. 2, ö and b’, we see the heart, looking at it from the apex, and we 
observe at once that while the front to back movement is increased 
during systole, there is a corresponding diminution in the side to side 
diameter and this is borne out by e and c' views of the heart from the 
front. 

If we enquire what causes are at work to produce these remarkable 
changes in shape, a little experimentation will convince us that gravity 
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has a very great deal to do with it. Whether we examine an excised 
heart or a bloodless organ within the chest it will be noticed that 
as soon as the heart passes into diastole it flattens itself out in the 
horizontal direction, increasing in the long axis and in the side to side 
axis. Sometimes it quite flattens out, and from this condition it only 
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Fio. 2, 

The bloodless heart of the frog viewed through the cardioscope. (a) Heart viewed from 
the right side in contraction, (a“) in relaxation. In (a) the front and the apex move up 
towards the sternum. (b) View of the heart from the position of the apex while in 
contraction ; (00 in relaxation the heart is seen to flatten out from side to side. (e) View 
of the heart from the front in contraction, (c’) in relaxation. 
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recovers when it passes into systole. That these changes are due to 
gravity, and the subsequent assertion of the heart against that influence, 
can be shewn in the following way. If the heart rests on its side, then 
during diastole it will flatten out, the front to back diameter increasing, 
while during systole the side to side diameter will increase. Again, if 
the heart rests on its front aspect the apex will — erect itself 
backwards towards the backbone of the animal. 

These experiments yield one fact worth remembering and one which 
will be frequently alluded to, and that is the ready way the heart 
muscle will yield to any disturbing force, even that of its own 
weight, when it is in diastole. 


Investigation of frog’s heart with levers. 


Having studied these changes in the heart's shape by means of the 
cardioscope, and having seen how totally different they are in the 
normal and in the bloodless heart, let us trace these changes in the 
ordinary way by means of levers. An ordinary frog’s heart tracing 
such as we find in the books, indicates an upraising of the lever during 
systole and a fall during diastole, but as we have seen in the normal 
heart the front to back movement is quite the reverse. 

How can we reconcile this opposing evidence? When even a light 
frog heart lever rests upon the heart, the actual pressure is not incon- 
siderable for it presses upon only a narrow strip of tissue and that 
may represent very much per square inch. We have seen that during 
diastole the heart muscle is so flaccid that it will flatten out, if empty, 
by its own weight, and the lever we shall find sinks into its substance 
and distorts its shape. It is only during systole that the heart can 
reassume its shape, when, as a result of this the lever is thrown upwards. 
Hence both in the normal and in the bloodless heart an ordinary lever 
is raised during systole and falls again during diastole, but it will at 
once be observed that such an instrument in no way records the move- 
ments of the heart, it produces an altogether unnatural condition, and 
the tracings are quite misleading. 

Landois figures such tracings(2) pages 58 and 59 by the side of the 
cardiogram and interprets the latter from the former, but it will be 
obvious that one is in no way justified in so doing. Not only do such 
tracings fail to represent the true movements of the heart in the 
opened chest, but, as we shall subsequently see, we have no right to 
apply arguments drawn from a heart in such an abnormal condition to 
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the organ when it is surrounded on all sides by the chest walls and 


lungs. 

In order to obtain tracings which should adequately * the 
cardiac movements I constructed a somewhat improved form of lever, 
which rests by a broad foot upon the heart, and is 3 with means 
for regulating its pressure from zero upwards. 

The lever consists (Fig. 3) of a very fine glass rod drawn out and 
cemented at its middle to an axis (J). Near the axis is a vertical foot 
of glass, at the end of which is cemented a piece of mica one millimetre 
square (A)). In order exactly to balance this some sealing-wax is 
applied to the other end of the rod (W). When properly adjusted 
the lever remains horizontal, and if the heart be brought in contact 
with it touching the mica foot, no pressure will be exerted upon 
the heart while the lever will follow its movements, being kept in 
contact with it by capillarity as the heart is always moist. 


Fie. 8, 


Improved frog heart lever. (F) Fulerum, (M) foot of mica resting on ventricle, 
(W) Weight which can be adjusted so as to vary pressure of lever on the heart from zero 
upwards. 


The frog’s heart moves so slowly that one can watch the tracing as 
it forms, and make out quite clearly what cardiac movement produces 
each part of it. Tracing (Fig. 4) is a pretty typical one and the forma- 
tion of it is as follows : 


VEAL 


Fig. 4. 


Tracing of lever when exerting no pressure upon the heart. At the part of the curve 
(1) the auricles and ventricles are filling with blood. At (2) the auricles contract, forcibly 
distending the ventricles. At (3) the ventricles contract. 


The lever ascends while the auricles distend, the blood evidently 


flowing on into the ventricles and filling them also (1). When the auricles _ 


contract and propel blood into the ventricles these become still more 
distended and the lever continues to rise (2). When the ventricles 
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contract there is a little shock, marked by a tiny crest, and then the 
lever rapidly descends as the systole is taking place. 

The above tracing I would mention is a true representation of the 
movements of an exposed frog’s heart unsubjected to pressure, and that 
which we are now going to study shows the movements of the same 
heart subjected to slight pressure obtained by the assistance of a 
weight near the fulcrum. The lever in this case distinctly presses 
upon the heart and slightly distorts it (Fig. 5). 


AAA 


Fie. 5. 


Tracing from the frog’s heart when the lever presses somewhat upon it. At (2) the 
auricles contract and raise the lever. At (3) the ventricles contract and raise it still more. 
At (4) comes the diastole and the lever falls. 


As the auricles fill the lever does not rise, but as they contract and 
fill the ventricles the lever is raised (2). When the ventricles contract 
the lever is thrown up (3), it goes too far because of its inertia or mass 
forming the topmost peak of the curve but remains elevated for some 
little time afterwards. During diastole (4) the lever falls, displacing 

the heart by its weight. 

By shifting the weight nearer the fulcrum the pressure of the lever 
upon the heart can be increased and the following tracing can be 
obtained (Fig. 6). 


Fre. 6. 


Tracing of the frog's heart with the lever pressing heavily upon it. At (2) the auricles 
contract and slightly raise the lever. At (3) we have the ventricle systole, and at (4) the 
diastole. 


The filling of the ventricles by the auricular contraction is still 
slightly indicated (2) on the curve. The ventricular contraction throws 
up the lever which had pressed the heart out of its proper shape and 
keeps it lifted (3), and during diastole it once more falls (4). 

Lastly in order to make this series complete, if we bleed the animal 
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our tracing will be similar to the last (Fig. 7) except that there will be 
no rise due to the filling of the ventricles by the auricular contraction, 
as in the last tracing. 


Fra. 7. 


Tracing of a lever placed upon a bloodless heart. The lever is elevated during systole 
(3), and falls during diastole (4), there is no trace of the dilation of the ventricle following 
auricular systole. The lever will be thrown up by the ventricular contraction and fall 
with the diastole. 


Our investigations so far do not put us in the position to affirm 
much respecting the movements of the frog’s heart within the chest. 
The two conditions are not the same, in one case the heart is resting on 
its posterior surface and freely exposed elsewhere, while in the other it 
is surrounded on all sides and subject to the pressures of the lungs 
and chest wall. As we have seen the slightest pressure is capable of 
disturbing the heart and of altering the movement of the part pressed 
upon, and when the chest is opened these normal pressures are at once 
disturbed and when we place a lever upon the heart we trace the 
movements of an organ in altogether altered circumstances. 

It is important to realise this fact, and to understand the meaning 
of the different tracings obtainable from the exposed heart. More- 
over a point which comes out most strongly, and which it is always 
important to bear in mind, is the ready way in which any body pressing 
upon the heart will alter its form, which is only recovered when the 
heart asserts itself against the deforming force in its systole. There is 
no doubt also that the front to back diameter increases during diastole, 
and, even when heavily pressed upon, the filling of the ventricles by the 
auricular contraction is always capable of causing an increase in this 
direction. 


A study of the Mammalian heart. 


The movements of the mammalian heart are difficult to observe 
on account of their rapidity, but this can be readily overcome by vagus 
stimulation. If the vagus of the rabbit or cat be stimulated the organ 
comes to a standstill in full diastole and on removing the electrodes the 
heart will contract, and this contraction will be slowly followed by others 
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before the heart finally resumes its full activity. In such an experiment 
one can make certain of the observations made by means of recording 
levers or by means of the cardioscope, for the movements are slow 
and the first movement after a standstill is always the systolic con- 
traction. 

The best way of exposing the heart is to open into the abdominal 
cavity, after careful anwsthetization, to cut away the anterior attach- 
ments of the diaphragm and then, holding the sternum forwards, to 
cut up the sides of the chest from below. The heart will now be seen 
invested in its pericardium and fixed by connective tissue to the front 
of the chest: this tissue must be removed and the sternum and rib 
cartilages lifted up. As soon as this is done the heart will fall down in 
its natural bed formed posteriorly by the lungs and it will be carried up 
and down by them with the movements of respiration: it will be 
loosened from its more solid moorings to the chest wall and will be seen 
floating as it were upon the lungs. It is in this position that physiolo- 
gists from Harvey’s time onwards have chiefly studied its movements, 
making I think too little allowance for the fact that the organ 
is in an entirely unnatural condition in respect to its attachments. 
If now we examine the heart the most striking fact is the springing 
up of the organ with each systole. If we hold a pencil near and 
above the apex, this part of the heart will rise up and tap it 
with each systole, falling again during diastole; and not only so 
but all parts of the front of the ventricle will do the same though 
perhaps to a less degree. Now this is quite the reverse from what 
occurs in the frog’s heart, and the reason for this difference is very 
obvious. In the former case the organ is supported in nearly its natural 
position by the tissue and organs behind it, and it chiefly changes in 
volwme, in the latter case the heart has fallen back into the chest and 
changes in volume, and in addition it shifts its position as a whole. 
We have therefore a complication here, which will have to be carefully 
unravelled. As already mentioned the heart has fallen out of its place, 
and inasmuch as this organ is probably, as in the case of the frog, very 
yielding and flaccid during diastole, it falls still more out of its right 
position with each relaxation, recovering itself again during systole. If 
we excise the heart of a rabbit and hold it horizontally by its base, the 
apex which hangs downwards during diastole tilts up to the horizontal 
during systole, and that will occur whether the front, the back, or one 
of the sides of the heart is held uppermost. This same experiment 
may be repeated with the heart in situ, and the result is especially 
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well seen when the base of the heart preserves some of its attachments 
to the chest. When the animal is on its back the heart is tilted 
towards the sternum with each systole, if the animal be turned over 
to one side, say the left, it will erect itself to the right, and if the 
animal be placed with the ventral aspect downwards the heart will 
rise towards the vertebral column, shewing that in the opened chest 
the heart is no longer encompassed by soft tissues but sinks during 
diastole under the influence of gravitation only to recover itself during 
systole. It becomes therefore a not unreasonable query to put, whether 
the movement of the apex forward which is supposed to occur during 
systole, really takes place at all when the heart is within the unopened 
chest cavity. The chief reason for this belief is certainly the be- 
haviour of the heart in the opened chest when the animal is lying on 
its back, but if physiologists had been in the habit of opening the 
chest with the animal in another n. the result would have been 
quite a different one. 

If now we inflate the lungs pretty fully so that the heart is 
carried up by them to the position which it would probably assume 
in the unopened chest, we find that the apex and front of the heart 
no longer move forwards but actually retreat during systole. 
When in fact the heart is as nearly as possible restored to its 
natural position and when it is invested on the sides and behind by 
the lungs, its movements as a whole almost cease and we observe 
changes in shape and volume alone. It is obvious therefore that 
the movement forward of the apex during an ordinary normal systole 
which is supposed to occur, must be received with considerable doubt, 
but it is equally obvious that the question can be only satisfactorily 
settled by experimentation with the heart in the unopened chest. 

We now come to the study of the changes in shape and size of the 
heart in the opened chest, and here again we shall find that the 
influence of gravity plays a very important part. Most physiologists 
hold that the heart diminishes in all diameters during systole, and this 
is borne out by the “casts” made by Ludwig and Hesse, but others, 
especially those of the Cambridge School, hold a different view and 
maintain that the front to back diameter is increased. At first sight 
this appears to be the case, and it certainly is true in the usual position 
of the heart in the opened chest. If the attachments of the base of the 
heart be carefully removed so that the organ sinks to the back of the 
chest, the movements of the heart as a whole will not be very great 
and its change of shape and volume can be observed. It will then be 
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observed to widen out from side to side during diastole and its front 
will flatten out horizontally ; when the heart contracts it will become 
less flat aud the front wall will bulge forwards. If however we tilt the 
animal on its side and support say the left side of the heart by the hand, 
it will again flatten out during diastole but in this case in the front to 
back diameter, and the side to side diameter will increase during systole. 

These changes depend therefore on gravity alone, the heart in 
diastole flattens out upon its support, and the front to back increase 
during systole only occurs in the opened chest with the animal placed 
upon its back. As already mentioned, if the lungs be distended so as 
to elevate the heart into what is near its natural position and to ‘clasp 
it laterally the whole front of the ventricle moves backwards during 
systole, which suggests though it does not prove that similar reduction 
of the front to back diameter occurs in the unopened chest cavity. 


Cardioscopic observation of the Mammalian heart. 


The changes in shape and position of the heart of the rabbit may be 
studied with advantage by the gardioscope, shortening the tube so as to 
project only a slightly enlarged Nc of it upon the field of equal squares, 
and stimulating the vagus nerve while the observation is being carried 
on. On viewing the heart from the front it is seen to narrow from side 
to side and to shorten from base to apex during each contraction, but 
beyond these facts little information of real value can be obtained. 

In ͤ the rabbit the apex moves slightly upwards in the ordinary 
posture of the animal placed upon its back upon the holder and with 
the heart fallen back in the chest. Its movements are also somewhat 
to the right. This however entirely depends upon the position of the 
heart, for if it has fallen a little to the right, being less supported 
perhaps upon that side, the apex will point to the left in systole, and if 
the lower part of the animal be raised so that the weight of the heart 
and the weight of the apex fall towards its base, its apex will actually 
move away from the base during systole. Although the cardio- 
scope is capable of yielding very precise data concerning the changes in 
shape and position of any particular heart exposed in the chest cavity 
we cannot suppose that this throws much light upon the normal cardiac 
movements. On observing a heart from the side (Fig. 8, a and a’) we 
observe the heart sinking backwards during diastole and springing 
forwards during systole as already described, and we notice that the 
base of the heart is the most fixed point. In Fig. 8, ö and & the 
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changes in the heart are seen when that organ is buoyed up and clasped 
laterally by the lungs; during diastole the front to back diameter is 
increased, it is diminished during systole. We shall err if we assume 
without further proof that this represents the condition within the 
unopened chest, for the anterior chest wall has been cut away and its 
pressure upon the heart is removed: our first incision destroyed those 
very conditions that it is our end and aim to investigate. 


N 


Fie, 8. 


tracing from a rabbit’s heart. In (a) the heart has fallen back into the 
chest and is not supported laterally by the lungs; it is in systole. In (a’) the same heart 
is seen in diastole, the apex and front of the organ sinking backwards towards the sternum. 
In (b) the heart is buoyed up by the lungs which clasp it laterally, the ventricle is in 
systole : in (b) the ventricle is in diastole and the front of heart moves forwards. 


If our studies of the heart in the opened chest have taught us little 
concerning the normal movements of this organ, yet we shall have learned 
one or two very essential facts. We shall have come to look upon the 
ventricle in diastole as a flaccid bag distended by fluid and yielding to 
every force which would tend to change its shape, falling to one side 


Se" 

— 

4 


MOVEMENTS OF THE HEART. 451 


or to the other from its own weight, indented by the pressure of even 
a light lever and flattened out by its own weight. In systole we shall 
view it as an organ reassuming with energy its proper shape against the 
influence of gravity or other opposing forces, elevating its fallen apex or 
throwing off the lever that had indented it. 

We shall not misinterprét the writing of the heavy lever placed upon 
it by Landois as in any way representing its natural movements, nor 
the lever touching it with a button-like extremity made to press upon 
the heart with an elastic band used by Roy and Adami(4). 

Knowing these physical properties of the heart it will be possible to 
affirm with certainty one or two facts concerning its changes within the 
chest cavity. It is quite certain that as the heart distends during 
diastole it will press upon all those structures which surround it, both 
lungs and chest wall, simply because it becomes bigger and is itself 
incompressible. In doing so it will accommodate itself to the tissues 
surrounding it, passing where they are least resistant. In systole it will 
recover its former position, asserting itself against anything upon which 
it pressed and by which it was distorted during diastole. 

Before leaving the physical properties of the heart it is well to insist 
upon the importance of a very simple experiment. If a contracting 
heart be grasped by the fingers applied to any part of its surface, they 
will sink into its substance in diastole displacing the flaccid mass by 
their pressure, and will be thrown off during systole with considerable 
force. If the pressure be less violent so will be the repulse of the 
fingers, and if these only touch the heart no repulse will be felt at all. 
We frequently read that the apex beat is caused by the hardening of 
the heart against the chest wall, but it is evident that a mere change 
in the consistence of the organ is incapable of producing any outward 
disturbance. In that case we must assume that during diastole the 
chest wall, like the fingers in the previous experiment, distorts the 
heart by pressure, and that the organ recovers its shape during 
systole. 

We must not overlook another point the practical importance of 
which is as yet doubtful. With each systole we have the development 
of “momentum,” and with each rush of blood from the heart we have 
an equal “rebound or recoil.” How this causes the heart to behave 
when it is within the chest cavity can only be settled by evidence 
obtained by experiment. 
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The heart in the wnopened chest cavity. 


We now commence the only enquiry which is of any real importance, 
and that is the behaviour of the heart within the unopened chest cavity. 
In studying this question it is as well to make up our minds to accept 
no argument derived from our previous study of the exposed heart, and 
to work at this fresh problem unprejudiced by any preconceived ideas 
regarding its movements. 

Physiologists have already studied these movements to a somewhat 
limited extent by a method which appears to be without serious 
objections, and it appeared to me that fresh information might easily be 
obtained by its more extended use. If a needle armed with a light 
straw be thrust through the anterior chest wall into the front of the 
heart, the chest wall will form the fulcrum of the lever, and the heart 
will carry the point of the needle as it moves, the straw moving in the 
opposite direction. Physiologists have in this way shewn that the base 
of the heart approaches the apex, the latter hardly moving up or down. 
This point may therefore be considered as settled; but the needle 
experiment can be extended to an investigation of the movement of 
other parts of the heart as well, thrusting them through the sides as 
well as through the front of the chest. 

In doing these experiments it is imperative to stimulate the vagus 
in order to be certain what movement is systolic, and what is diastolic. 
On stimulating, the straw-needle comes to a standstill, and the first 
movement after the cessation of the stimulus will be systolic. In all 
cases very fine sharp needles must be used otherwise they may displace — 
the heart before piercing it. The skin and pectoral muscles should be 
carefully removed from the front and side of the chest, for if this is not 
attended to the needle may get a “set” in pushing it through, and on 
releasing it from the grasp it may drag upon the heart. 


Changes in the base to apex and side to side diameters. 


If a needle be thrust into the base of the heart it will move chiefly 
in the direction of the length of the animal, the straw moving towards 
the head, the needle therefore moving towards the apex. If the straw- 
needle be plunged into the heart nearer the apex the movement will 
become less, and if into the apex itself the movement is very slight. I 
am not certain whether the apex moves upwards towards the base or 
not, in some cases it appears so to do, in others it moves downwards 
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upon the diaphragm, in any case the movement is slight. We learn 
from this experiment a fact well known to the physiologist that during 
systole the base to apex diameter diminishes, the base moving towards 
the apex. 

These movements of the straw-needles are not however purely in 
the long axis of the animal, they are always more or less oblique. If 
the straw-needle be thrust near one side of the heart, say the right side, 
the straw will move somewhat to the right during systole, the needle 
therefore to the left; if it be thrust into the left side the straw will 
move somewhat to the left, the needle therefore to the right. This 
indicates that the heart is contracting from side to side, pulling in the 
needles to the middle line and pushing out the straws. 

This lateral movement diminishes as we reach the apex of the heart 
but never ceases, so that even in this situation the two needles are 
approximated to one another. I have been unable to verify by these 
experiments the supposed movement of the apex of the heart to the 
right. It appears to me that there is no evidence whatever of any 
lateral displacement of the organ in the chest cavity, and I imagine that 
such a supposition on the part of physiologists arose entirely from the 
behaviour of the heart in the opened chest cavity. 


Changes in the front to back diameter of the heart. 


If we thrust the straw-needles into the heart from the side of the 
chest, we shall be able to get excellent testimony regarding the changes 
which occur in its front to back diameter. The best way to proceed is 
as follows:—Hold a straw-needle and thrust it horizontally into the 
fifth interspace in the case of a cat or the fourth in the case of the 
rabbit. The needle should in this first experiment pass horizontally 
(the animal is on its back) in front of the heart and under the sternum. 
The straw will move vertically up and down with every heart-beat, and 
on stimulating the vagus the straw will be seen to ascend with every 
systole, the needle therefore will descend. The needle will therefore 
be pressed up against the sternum during diastole and will 
be withdrawn during systole; in other words during diastole the 
heart wall advances towards the sternum and recedes from it during 
systole, the very opposite condition from that usually described. As 
such a result merited a graphic record I pointed a straw in one of my 
experiments and took a tracing (Fig. 9). 
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If now we thrust another needle horizontally as before but below the 
first so as to stick into the front of the side of the heart, the straw will 


A tracing of astraw-needle inserted horizontally between the heart and the sternum 
of a rabbit. At v the vagus is stimulated and the respiration stopped. The pulls which 
follow represent cardiac contraction, the straw ascending during systole and then de- 
scending during diastole, the needle within the chest doing the reverse. 


now move with the heart, and will not simply be pressed and displaced 
as in the former experiment. The straw will move obliquely and the 
chief movement will be horizontally from the head to the tail of the 
animal, for the heart is alternately shortening and lengthening in its 
base to apex diameter. But the lever will also have a vertical move- 
ment in combination with this; in each systole it will be displaced 
towards the head of the animal and upwards at the same time, shewing 
that the part of the front of the heart into which the needle was 
sticking moved towards the apex and away from the sternum. If the 
needle be thrust into the middle of the side of the heart its movements 
are purely in a horizontal plane passing from the head to the tail of the 
animal, but if it be thrust lower down still into the posterior part of the 
side of the heart, it will again move obliquely. In the latter case the 
straw will move obliquely towards the head and back of the animal, 
indicating that the needle and the part of the heart into which it sticks 
moves downwards and towards the sternum. 

These experiments therefore prove that during diastole the heart 
increases in its front to back diameter, the front of the heart pressing 
forwards against the sternum and the back of the heart pressing 
backward upon the lungs; during systole on the other hand the front to 
back diameter lessens, relieving the sternum in front and the lungs 
behind. I cannot see any fallacy involved in the application of this 
method, especially as in all cases the exact position of the needles was 
subsequently determined by inspection after removal of the diaphragm. 

If the movements of these straw levers enable us to ascertain the 
movements of the heart itself we have gained very novel ideas as to 
their nature. It is evident that not only are the prevalent ideas 
regarding the displacement of the apex of the heart to the right side 
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erroneous, but that during systole the front of the heart actually recedes 
from or presses less upon the chest wall. In fact we have reason to 
doubt whether within the unopened chest cavity the heart as a whole 
suffers any displacement at all, for all that we have observed indicates 
merely changes in volume of the organ. 

The changes in the shape of the heart are therefore very similar to 
those seen in the opened chest when the lungs were distended so as to 
cover in the heart at the sides. It would have been illogical to assume 
beforehand that this would be the case, because the anterior pressure of 
the sternum was in one case removed, in the other present, and inasmuch 
as one of the chief lessons learnt from our study of the heart in the 
opened chest was the fact that in diastole the flaccid heart adapts itself 
to the pressures that surround it, we cannot disregard any of these 
pressures, and must study separately each case by itself. 

Although we are so accustomed to accept as a fact ever since the 
days of Harvey the movements of the heart in the chest cavity, the 
displacement of the apex to the right, the slight rotation, and a beating 
forward of the heart against the chest wall, yet if we reflect we shall see 
that there is great intrinsic improbability in such a thing. Of what use 
would it be, why that loss of energy? There is no reason to doubt 
that Natural Selection has been as active in perfecting this as any other 
part of the body. During sudden exertion, in the pursuit of food, or in 
flight from the pursuer the heart is called upon to do its utmost; if it 
fails its possessor is doomed. Any banging about of the heart in the 
chest cavity such as we suppose must occur, displacing more or less 
solid structures, is a waste of energy and so much less will be spent in 
the service of the circulation. There is a limit to the work to be got 
out of muscle, and one cannot look at a heart without feeling very 
strongly that it is most perfectly adapted for pumping, but hardly for 
playing the part of a sledge-hammer. 

As I have already pointed out we have hitherto been led away by 
observations of the heart in the opened chest, under conditions which 
are quite abnormal! 


1 1 hold the experiments with the straw-needles as quite conclusive, yet I may 
also mention a fact recently related to me by Professor McIntosh. While dissecting 
a shark he found a large cod-hook which had penetrated the anterior chest wall and 
pericardium, the point almost touching the heart; of course had the heart tilted forward 
against it, the muscular tissue would at once have been destroyed and the animal would 
have died. 
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Our investigation with the straw-needles has not only demonstrated 
that the heart as a whole does not shift in the chest cavity, but it has 
shewn that all the diameters are contracted during systole and that 
all are increased during diastole. In consequence the heart presses 
upon the chest wall in the latter condition and recedes from it in 
the former condition: we have now to examine cardiographic tracings 
and see how they bear out these facts. 

The cardiograph has been used by Marey, Ludwig, Landois, 
Edgren, Sanderson and many others in order to investigate the 
variations in the pressure of the heart upon the intercostal spaces, while 
George Gibson(5) and Francois Franck (® have applied it to the heart 
in the cases investigated by them where abnormality rendered it 
especially easy to study the cardiac movements. As already mentioned 
no two observers can be found to agree as to the exact interpretation of 
the cardiogram, and it behoves us therefore to proceed with extreme 
caution. We have already seen what mistakes may be made by the 
application of heavy levers to the heart, how they sink into the hard 
substance, and that the curves they give are little if any indication of 
the heart movements. In the case of the cardiograph we have first 
thoroughly to master the instrument and study the way in which it is 
used in practice. | 

There are many forms of cardiographs, but practically they all consist 
of a tambour the button of which is forcibly projected outwards by a 
strong metal spring. In applying it the button presses into an inter- 
costal space, and this intercostal space will be pressed against the heart. 
Here at once it will be observed is an unnatural state of things, viz. in a 
stout muscular subject the intercostal space is a very little, in a thin 
person the intercostal space is very considerably displaced against the 
heart. Now we have already seen that the heart is affected in no 
inconsiderable degree by the pressure of surrounding tissues, and as soon 
as the cardiograph is fixed, it gives not a tracing of the normal pressure 
of the heart upon the intercostal space, but a tracing of the heart upon 
the intercostal space, abnormally pressed in upon it. 

Another fact which we must not lose sight of is that every instru- 
ment possesses its own peculiar qualities, and any tracing we may 
obtain by a cardiograph or any other recording apparatus, represents 
these qualities as well as the movements we are anxious to study. If 
one could only obtain an instrument devoid of “mass” then we might 
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trust faithfully to its records, but the levers and tambours that we use 
possess this quality, and it is always indicated in the tracings that we 
obtain. No one understood the qualities of these instruments so well 
as the members of the great French School to whom chiefly we owe 
their construction, but in other hands they have often proved the 
greatest stumblingblocks, instead of aids to precision. 

If we tap for a single moment the bottom of a cardiograph, the 
lever of the writing tambour will be displaced upwards, fall back to 
and a little beyond the zero point, and then oscillate two or three 
times before coming to rest (Fig. 10). 


Fria. 10. 


Tracing of a cardiograph, the button being smartly tapped. The lever is carried too 
far upward from its inertia or mass, then it falls too far and only comes to rest after two 
or three oscillations. 


If now the tambour be pushed and the finger withdrawn slowly, the 
lever will ascend as before and will, as the finger is withdrawn, slowly 
reach the zero line oscillating as before (Fig. 11). 


Fre, 11. 


Tracing of a cardiograph pushed by the finger, which is then slowly withdrawn; the 
mass oscillations are seen on the curve as it slowly falls. 

We see in these tiny oscillations the effect of mass; and when a 
cardiographic tracing is studied we may be certain that after any 
sudden displacement of the button these instrumental oscillations 
are to be seen, and we must not conclude that they represent 
anything else unless we have evidence to the contrary. As these 
instruments have a constant period of their own it is easy to find out 
what parts of a cardiogram are due to mass, by simply tapping the 
cardiograph and allowing it to write on the cylinder which is taking 
the cardiogram. The little oscillations thus formed will have a certain 
wave-length similar to those on the cardiogram which are also due to 
mass. 

Not only is the lever of a cardiograph displaced too much, and then 
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set in oscillation by a sudden pressure upon the button, but the same 
occurs after any change of pressure. If a cardiograph be pressed 
increasing the pressure but at a slower rate, you obtain a curve (Fig. 12). 


b 


Fre. 12. 


The button of the cardiograph is pushed at (a) and at (b) the push is continued but 
more slowly. At this point when the change in the velocity of the movement occurs a 
little inertia or mass wave is seen. 


The lever rises quickly from a to b, at this point the pressure 
increases less rapidly but the lever in virtue of its mass continues to 
rise as before and then falls forming a little peak, and ascends at a less 
steep gradient. Such peaks and depressions following them are always 
seen when the gradient of a curve changes, and are due entirely to 
mass. I could name more than one observer who, ignoring all these 
facts, attempts to find in the movements of the heart itself explanations 
for every tiny peak or dip in the cardiographic curve. 

It is only when we have made ourselves thoroughly conversant with 
the cardiograph and its properties, that we can use it with any 
advantage, and even then the cardiogram that we shall obtain will 
appear completely to contradict all that we have learnt regarding the 
cardiac movements. 

The lever, instead of descending, rapidly rises with the commencing 
systole, although as we have seen the heart comes away from the chest 
wall, and the instrument verifies the experience gained by the finger 
placed in the costal interspace, that the heart presses upon it during 
systole in a very marked manner. The result appears to contradict 
that obtained by the straw-needle. It is always however most satis- 
factory in the end to investigate a subject purely from the experimental 
standpoint, and when it is possible solve the question “ what is” rather 
than the question “ what should be.” Let us endeavour then in the first 
place to find out exactly what parts of the cardiogram are written 
during the ventricular systole and what during its diastole. 

Chauveau and Marey have given us the point on the cardiogram 
at which the ventricular systole commences, Their method of endo- 
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cardial pressure was certainly in this case without source of fallacy, and 
the commencement of the marked and rapid rise of the lever in the 
cardiogram indicates the commencement of the systole. No one can 
exactly affirm when the systole is over for the method by endocardial 
pressure is here not so certain a test, and moreover Marey’s statements 
are widely contradicted by Landois and Mauer, Martius, Edgren 
and others. 

Léon Fredericq has represented in a diagram the various views 
held as to the position of this point upon the cardiogram: I have 
ventured to copy it (Fig. 13). All these observers have adopted a method 
of investigation which I venture to think is quite inadmissible. The end 
of the ventricular systole will no doubt be coincident with the closure 
of the semilunar valves, and these valves are no doubt the cause of the 
second sound. These observers listened to the heart by means of the 
stethoscope, and signalled on the revolving cylinder upon which a 
cardiogram from the same heart was forming, whenever they heard the 
second sound. Such a method is quite inadmissible however, and the 
same may be said for the somewhat similar plan adopted by Léon 
Fredericq himself, (7) 


Landois & Maurer 


Fie. 13. 


A reproduction of Léon Fredericq’s tracing shewing the various parts of the cardio- 
gram, which are supposed by different observers to correspond with the second sound 
of the heart. 


The reason is that the reaction time is a very considerable interval 
when compared with the short periods with which we are dealing, and 
even if the reaction time be allowed for, it is never the same in two 
experiments for the condition of the nervous system as regards attention 
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etc. is never constant. One’s nervous system is altogether too uncertain 
a mechanism to be of assistance here, and the proof of it is that none of 
the results obtained by different observers can be found to agree, 
wherefore we must assume that the difference was due to the different 
nervous systems used for the registration of the sound, and perhaps to 
the different expectancies of each. It will therefore be necessary in the 
first instance to find out definitely where the ventricles cease to contract, 
but before doing so I will describe the cardiograms which I myself have 
worked with. The cardiogram from Mr X. is seen in Fig. 15, it 
gives a marked ascent of the lever with the commencing systole; indeed 
this steep peak is the most marked part of the curve. The tracing is 
fairly characteristic and similar to many seen in works on physiology. 
My own cardiogram differs from this inasmuch as the peak is not at all 
a marked feature while the rest of the curve is well seen. I have every 
reason to suppose my heart is normal as I do not notice hills in walking, 
but my chest walls are fat and muscular, and even after running the 
apex beat can hardly be felt. I will call this cardiogram Y (Fig. 16). 

I have investigated the cardiogram by means of tracings taken 
simultaneously by the sphygmograph placed upon the carotid, and also 
with the cardiopneumograph. Dr Edie and I have shewn that the 
cardiopneumatic movements have quite a different explanation from 
that offered by Ceradini and Landois. They are due to the swelling 
of the heart during diastole pressing upon the surrounding lungs and 
causing an expiratory movement of air, and the diminution of the 
heart during systole acting in the opposite direction, The lungs act 
like oncometers to the heart, and when a tambour is placed in connec- 
tion with the mouth, the glottis remaining open, we get a curve the 
lowest point of which will be obtained when the heart has assumed 
its smallest dimension, that is at the end of systole. If now we take 
simultaneous curves by the cardiograph and cardiopneumograph, we 
shall be able by the latter curve to find out on the former where 
exactly is the end of systole, the closure of the semilunar valves and 
the second sound of the heart. 

The carotid pulse is capable I think of giving the same information 
if traced simultaneously with the apex beat, for we have upon it the 
dicrotic wave caused by the closure of the semilunar valves. Now the 
main tidal wave of the pulse travels almost with the same velocity as 
the dicrotic wave, for the interval between their commencements in the 
radial is little greater than in the carotid pulse. If therefore in two 
tracings of the apex beat and of the carotid pulse taken simultaneously 
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we find that the tidal wave is preceded by the commencement of 
the upstroke marking the commencing systolic contraction, an interval 
corresponding say to nth of a second intervening between the two; it 
will follow that the point on the cardiogram at which the semilunar 
valves close will be also at a point corresponding to th of a second 
behind the commencement of the dicrotic wave. 


Simultaneous tracings of Carotid and Cardiopneumograph. — 


In (Fig. 14) simultaneous tracings from the carotid and from the 
cardiopneumograph are shewn. 


On 


Fie, 14, 


Two simultaneous tracings, the upper one of my carotid pulse, the lower one of my 
cardiopneumatic movements. Letter z marks the commencement of ventricular con- 
traction; a and a’ the time on both curves when the tidal pulse wave begins; o the end of 
systole and b and b the commencement of the dicrotic wave. The distance æ from a’ the 
distance o from b’. . 


At the point (a) on the lower carotid curve the tidal wave 
commences, and the point (a’) formed simultaneously on the upper 
cardiopneumatic curve lies on a crest the commencement of which crest 
is at a The commencement of the dicrotic wave is at (b) and the 
simultaneously formed point on the cardiopneumatic curve at (b’). This 
point (6) follows the lowest point of the curve (o) at the same interval 
as between & and a’, and this interval corresponds to about pyth of 
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a second, which is about the time taken for a wave of pressure to pass 
from the heart to the carotid. We know that the point # corresponds to 
the commencing systole and we may conclude that the point o marks 
the end of systole when the heart is smallest. Provided therefore that 
the cardiopneumatic curve is a register of the size of the heart, and the 
fuller proof of this is given by Dr Edie and myself, we should naturally 
expect that the lowest part of this curve is formed when the heart 
is smallest, namely, at the end of systole, and we find by the above 
tracings that this point precedes the appearance of the dicrotic wave in 
the carotid by the theoretically correct interval of time, namely, the 
same or almost the same interval as elapses between the point « 


marking the commencing systole and the point a the commencing tidal 
wave. 


Simultaneous tracings of Mr X. s Carotid and apex beat. 


In Fig. 15 the two curves are seen, the upper one being the carotid. 


Fie. 15. 


Simultaneous tracings of carotid (upper curve) and Mr X.’s cardiogram. & marks the 
commencement of systole, and aa’ the commencement of the tidal wave. o marks the 
end of systole and is placed back on the curve from (b’) the commencement of the dicrotic, 
the distance equal to that between æ and a’. 


The stroke a marks on the carotid tracing the commencement of the 
tidal wave and a’ is the point simultaneously formed on the cardio- 
gram. The stroke b marks the commencing dicrotic wave and b“ the 
corresponding part of the cardiogram. The letter « marks the com- 
mencing systole on the cardiogram, and if the distance between & and a’ 
is measured and a point (0) found by measuring the same distance 
back from ö this will give the closure of the semilunar valves at the 
end of systole. During the systole of the ventricle the lever of the 
cardiograph will rise abruptly, fall abruptly and then fall more slowly. 
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but it will not have reached its lowest point. During the pause, if we 
can believe there is such a thing, and during the subsequent diastole, 
the lever falls a little and then rises, especially at the latter part 
when the auricles are contracting. 


Simultaneous tracings by Cardiograph and Cardiopneumograph. 


Fig. 16 represents these two curves, the cardiographic curve below. | 


It is taken from my own heart and the upstroke at the commencing 
systole is not at all a marked feature in the tracing. The stroke (0) is 
drawn through the cardiopneumatic curve at its lowest point when the 
heart is smallest and (o) is the corresponding point on the cardiogram. 
It will be seen to fall as before on the descending part of the curve but 


0 x’ 
x ov 


Simultaneous tracings of my own apex beat (lower curve) and cardiopneumatic 
movements. & and z mark the commencing systole and o and o’ the end of systole. 
Notice that during systole the lever of the cardiogram suffers its most marked displacement 
in the downward direction. 


16. 


before it has reached its lowest point. The letters & and c mark the 
points at which the systole commences. 

I have arranged in Fig. 17 four tracings with their simultaneous 
points in vertical series, and the cardiac cycle divided by vertical lines 
into ten equal parts. Above is the carotid pulse, next below it comes 
the cardiopneumatic tracing, next an ordinary cardiogram from a person 
with thin flexible chest walls, and lastly my own cardiogram typical of 
that taken from a more stoutly built person. The table is constructed 
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from a large number of tracings, some of which are represented 
in the figures already alluded to. 


2 
\ \ 
NIV 
\ \ 
75 
N 
* * 
* 
* * oe 
* * 
Fie. 17. 


Four tracings arranged with their simultaneously formed points in vertical series, the 
cardiac cycle occupying ten divisions, marked by the vertical lines. Tracing 1 is the 
carotid, 2 the cardiopneumatic curve, 8 Mr X.’s cardiograph a typical curve, 4 my own 
cardiogram. Letter « marks the commencing ventricular contraction and o the end of 
systole. At the end of systole the curve has fallen in 3 and 4 below the point 4 but has 

not reached its lowest level. A indicates commencement of auricular contraction. 


Beginning at the left-hand side of the table we see at & a slight 
rise in the cardiopneumatic curve, which rise is often very indistinctly 
marked, a very marked rise in the first and a slight rise in the second 


wave of the carotid. The rise of the cardiogram takes place no doubt 
at the time of the commencing systole and at this time the so-called 
apex beat can be felt. After this rise, which rapidly reaches its 
maximum, the lever falls in the lower three curves at first rapidly and 


| cardiogram: it is followed in jth of a cardiac cycle by the tidal 
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then more slowly, the cardiopneumatic curve reaching its lowest point 
first. The cardiograms still shew a fall in the curve and then all three 
ascend, the cardiograms shewing a steeper rise at the finish (A), due 
no doubt to the auricular contraction causing a more rapid swelling 
of the ventricle. It will be noted too that the lowest point of the 
cardiopneumatic curve is pyth of a cardiac cycle behind (before) the 
commencement of the dicrotic wave on the carotid pulse. 

We learn from these tracings that during the ventricular systole 
which lasts 35 of .a cardiac cycle, the lever of the cardiograph first 
moves upwards, then quickly and finally more slowly downwards, and 
that at the end of systole the lever has fallen to a level below 
that from which it had started’. The final result of the systole is 
therefore the same on the cardiograph as it was on the straw lever, or 
on the delicately balanced lever on the frog’s heart. But why the initial 
raising of the lever which is so prominent a feature of most cardiograms, 
and which has given rise to the generally accepted view that during 
systole the cardiogram rises? This is generally considered to be due to 
the movement forward of the heart, and the Cambridge School in 
addition view it as a tracing of the increased front to back diameter 
of the heart during systole. Marey(§) however acknowledges that 
this diameter is lessened. In discussing these points I should first 
of all indicate that this uprising of the lever is to be seen on the 
cardiopneumatic curve as well as on the cardiogram. The former 
curve will represent changes of pressure on the sides and back of the 
heart, the latter on its front. If the uprising of the lever is to be 
interpreted in the case of the cardiogram as due to the heart pressing 
forward, either from displacement or from an increase in any diameter, 
we must conclude that it also presses outwards laterally and backwards 
against the lungs, for the same uprising is seen in the cardiopneumatic 
curve. The heart however certainly cannot increase in size, which 
these changes imply, during the first part of systole, and we have to 
look for another explanation of the uprising of the curves. 

Recoil of the heart, undoubtedly recurring, may partially account for 
this impulse which the heart evidently gives both to the lungs and 
chest wall, but the recoil will no doubt be chiefly felt as the heart is 
emptying itself of blood as the systole is more advanced, and one is 
tempted still to seek for the explanation. This is not difficult to find, 
thanks to our studies of the heart in the opened chest, for we then 


1 The final position of the lever, as will subsequently be seen, is occasionally higher 
when the cardiograph presses very firmly into the intercostal spaces. 
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learnt that this organ increasing in volume during diastole, is distorted 
by the least pressure from its systolic shape, asserting itself against the 
distorting force as the first act of systole. It is important to remember 
that the heart is lodged within a cavity that is of variable shape; during 
respiration the lungs alter in volume and shape, and the direction and 
position of the diaphragm and chest wall alter too, so that the heart is 
“massaged” during respiration as Kronecker has pointed out. Were 
it not for this fact there is little doubt that the heart might so adapt 
itself to its surroundings as to dilate without distortion, but as the cavity 
is never a constant one such adaptation is impossible. Hence during 
diastole the heart expands, presses upon, and is pressed by the lungs 
and the chest wall, and is distorted, ever so little it may be, from its 
systolic shape. The first effect of systole is to assert itself against such 
pressure, giving a little shock to the chest, and generally to the lungs 
as well. This assumption of its systolic shape probably precedes the 
diminution of its volume which leads to the recession of the heart from 
the Jungs and chest wall while the heart is emptying. 

Now as I have already pointed out in a thickly built muscular man 
the apex beat, or the pressure which causes the lever to ascend is very 
slight, and although the cardiograph be firmly held in position a tracing 
such as the lower cardiogram (Fig. 17) is obtained. The tracing shews 
ample variations of pressure, as much or nearly as much as the upper 
one, the heart distending during diastole presses upon the cardiograph 
and elevates the lever in a most marked manner. There is however but 
an indication of an elevation of the lever at the commencement of the 
systole. I am of opinion that this represents the normal cardiogram or 
register of pressures upon the anterior chest wall, and that the 
striking elevation of the lever in the upper tracing taken 
from a spare man is simply due to the button of the cardio- 
gram pressing the intercostal space inwards upon the heart, 
causing an abnormal distortion during diastole and leading 
to its being thrown off violently during systole. Let me here 
recall the nature of the instrument with its button projected into the 
intercostal space by a metal spring, and let us also bear in mind the 
tracings obtained by levers pressing upon the heart, and thrown up by 
the first effort of systole. The power of the heart in thus asserting 
itself against any distorting pressure is evident to anyone who has 
grasped a heart ever so lightly between the fingers, or pressed with 
the fingers as with the cardiograph into the yielding intercostal 
space. 
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There is therefore every reason to suppose that the apex beat and 
the very striking elevation of the lever of the cardiograph at the com- 
mencement of a systole is produced by the unnatural pressure of 
the button of the recording apparatus upon the flaccid heart which as 
the first act of systole asserts itself against this pressure, and we find 
that whenever this pressure is resisted by thick chest walls, or when the 
button and spring are removed from the instrument altogether that this 
elevation almost altogether disappears. 

This being the case the main features of the cardiogram agree with 
the results obtained by the straw-needle or the lever lightly pressing 
upon the frog’s heart, in shewing a pressure forwards of the heart in 
diastole, and a reverse pressure in systole. 

We are now in a better position to examine in detail each part 
of the cardiogram, and for this purpose we may begin as before with 
the commencing systole. As the heart contracts the first effect of the 
contraction is probably to recover from any diastolic distortion, which 
begins to take place before the escape of blood and the consequent 
diminution in size of the ventricle. The button of the cardiograph 
is violently displaced, and as it recoils the heart is becoming smaller 
and is receding from the chest wall, thus we have the first rapid 
upstroke, the downstroke equally rapid, passing into the slower gradient 
due to the slower change in the size of the heart as the blood is flowing 
out of it. At this change in direction of the cardiogram from the steep 
to the less steep fall there will be indications of the“ mass or “inertia” 
of the instrument, seen in my own tracings to some extent, but much 


more in tracings such as Landois’, in which the apparatus was rendered 


as sensitive as possible. 


B 


Fie. 18. 


Landois’ cardiogram, the darker line I have added in the last two curves to shew the 
probable course of the lever were it deprived of mass or inertia. The lever is carried too 
far right up to B, A falls too far to C, rises again to D and once again to E. 


In Fig. 18, copied from Landois, the dark thickly lined curve which 
I have superadded will evidently represent the cardiogram minus the 
“mass” effects; the sharp topmost peaks, and the smaller oscillations at 
D and E seen in the original curve, and represented by thin lines in the 
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figure, shew these mass or inertia effects. As a result of inertia the 
lever is carried up to B, it falls again too far reaching C, recoils again to 
D, falls again and rises to E. No one who has experimented with the 
cardiograph as a transmitter of movements will for a moment doubt 
that this is in the main a correct interpretation of these oscillations at 
D and E, nevertheless Landois assumes they are caused by a shock due 
to the closure of the semilunar valves. Against such an assumption may 
be urged therefore, first that they occur where mass oscillations are 
bound to be seen, secondly that we have to assume that the aortic and 
pulmonary valves do not close together, a very distinct interval 
intervening (which is highly improbable), and thirdly that they are 
seen on the cardiogram while the heart is still actively contracting and 
has not assumed its smallest volume (see Fig. 17), in fact before the 
valves could close; and finally we recall the important query in the 
last edition of the Teaxt-book of Physiology by Professor Foster,. 
Why should the closure of the valves make any impress on the 
ventricular curve at all? (p. 246).(9) 

At the end of systole (o, Fig. 17) the lever will be falling but may 
or may not have reached its lowest point. From an examination of a 
good many curves I conclude that when the assertion of the heart 
against the cardiograph is great, throwing the lever up as in the upper 
cardiogram of the figure, or as in Landois’ tracing just referred to, the 
lever continues to fall when the systole is over. On the other hand 
when the lever is slightly thrown up by the systolic assertion, it has 
reached, or has nearly reached its lowest point when the systole is over, 
as in the lower cardiogram. The reason of this appears to me to be 
that when the button is pressing forcibly upon the heart, in the first 
case just cited, it will sink as soon as the systole is over, into the now 
relaxed heart, still causing the lever to fall; in fact the falling of the 
lever after systole will be a measure of the button’s pressure on the 
now relaxed heart and will be a measure of the throwing off of the 
lever during the subsequent systole. This appears to me to be the case 
in all the tracings that I have examined. 

Returning once more to our study of the cardiogram at the period 
where the lever has assumed its lowest position we find that although 
the button is now pressing on the relaxed heart, this organ is being 
distended with blood, which probably flows into the ventricles almost 
directly the systole is over, the lower part of the cardiopneumatic curve, 
which is pretty sharp, indicating this (Fig. 17); the distension of the 
heart causes the button once more to ascend, and this ascent is especially 
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rapid at the latter part of diastole when the organ is more forcibly 
distended by the auricular systole. 

My interpretation of the cardiogram is therefore as follows: — As 
the heart fills with blood during its diastole it presses against the 
lungs and the front wall of the chest, raising the button and the lever 
of the cardiograph. During systole the heart assumes a smaller 
volume, and the pressure upon lungs and anterior chest wall is 
lessened, the lever of the cardiograph falling. I hold too that the very 
characteristic elevation, seen at the commencement of the systole, is 
merely due to the assertion of the heart against a previous distortion, a 
certain amount of which normally occurs, but this is exaggerated by the 
pressure of the button of the cardiograph. 

One cannot bring too much evidence to bear upon a subject 
of so obviously intricate a nature, and I would now bring forward for 
consideration the following series of experiments. I constructed a 
cardiograph of a simple tambour covered by a membrane, which 
membrane could be projected by means of a button attached to a 
spring at pleasure. The instrument was placed upon the “apex beat” 
with the button forcibly projecting into the interspace, and a tracing 
taken (Fig. 19, No. 1); then other things remaining the same the 
button was withdrawn so as to press very lightly and another tracing 
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Fid. 19. 


Tracings with the cardiograph. No. 1 with the button forcibly projecting, No. 2 with 
the button hardly exerting any pressure, No. 3 with the button withdrawn altogether. 
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taken (Fig. 19, No. 2); finally the button was withdrawn altogether and 
the membrane gently touched the front of the chest (Fig. 19, No. 3). 

It will be noticed that the three tracings thus obtained differ from 
one another not only in amplitude, but in their character, so that 
anyone unaccustomed to the subject could hardly believe that they 
were tracings of one and the same heart, at one and the same position 
on the chest wall. 

In tracing No. 1 (Fig. 19) the upstroke which marks the com- 
mencing systole is very marked, three or four times the height that 
the lever is elevated by the previous diastole. It recoils and changes 
into the slower gradient, marking the fall of pressure as the ventricle 
empties itself, and it will be noted that this point is considerably above 
the point marking the commencement of systole, because at the latter 
point the pressure of the button of the cardiograph, which had been very 
considerable, was upon the surface of the lax and yielding ventricle. 

In tracing No. 2 (Fig. 19) the diastolic elevation of the lever is just 
as marked as in No. 1, if not more so, shewing that the apparatus was 
quite sensitive to changes of pressure. The systolic upstroke is very 
much less, being about equal to the diastolic elevation and sometimes 
even less. The reasons for this change in character are very obvious. 
At the spot where the button rests in this case the heart is less pressed 
upon in diastole and its systolic assertion is therefore less. 

Tracing No. 3 (Fig. 19) it will be remembered records the 
movements of the chest wall, when subjected to the slightest possible 
external pressure, and here we see a cardiogram similar to the one 
obtained, by the cardiograph applied to the thick and resistant chest 
wall in the ordinary manner with the button protruded, similar in fact 
to my own cardiogram, the lower one in the series (Fig. 17), and to the 
frog’s cardiogram (Fig. 4). 

The elevation at the commencement of systole is here quite insignifi- 
cant, the most marked feature of the curve being the — of the 
lever during the last part of the systole of the heart. 

I hold that the above experiments, carried out for the purpose of 
excluding the pressure of the cardiographic button, shew that the main 
portion of the cardiogram is due to the button alone. I would therefore 
suggest that this part of the instrument should be discarded altogether, 
for it introduces a complication, and moreover a varying complication, 
for the results obtained will depend in each case upon the resistance of 
the costal interspace. Thus with an ordinary cardiograph I get quite a 
different tracing from my own heart, and that of Mr X., whereas, minus 
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the button, I get the same, or at any rate a very similar one, the reason 
being as already explained, that my own costal interspaces are thick and 
resisting (and perhaps my heart is not so near the surface), while his 
(Mr X.’s) are thin and yielding. 

I represent such an improved form of cardiograph in Fig. 20, ellipti- 
cal in shape so as to be readily applied to the chest: it is very easy of 
construction, and may be held in position with the hand, taking care to 
exert very little pressure. 


Fie. 20. 


a represents a cross and b a length view of the cardiograph I recommend for 
experimental purposes. It is of the simplest possible construction. 


The tracings to be obtained by such an instrument will not be large 
or very striking; they will represent however much more accurately 
than was obtainable hithertofore the changes of pressure on the chest 
wall. 

I would venture again to return once more to the question of the 
apex beat, in order to make clearer one or two points which may be 
obscure, and to add others of importance. In the normal heart I believe 
that this apex beat which causes the elevation of the lever at the point 
4 (Fig. 17) of the cardiogram is due to the “asserting action” of the 
heart against displacing forces which have been affecting it during the 
previous diastole, and that it is not due to a displacement of the heart 
as a whole. This displacement by the chest wall will be least in the 
recumbent position, but on leaning forwards, the heavy heart will tend 
to flatten upon the chest wall, and assert itself more in systole; hence 
the apex beat is best felt in the latter position. In a normal quietly 
beating heart there is hardly any impact unless the fingers press firmly 
upon the heart. This is only in part due to the more intimate and 
perfect mechanical contact thus produced, which allows of the better 
conduction of shock, for the impact is not so well felt on touching the 
solid rib, as on pushing the finger into, and therefore displacing 
inwards, the costal interspace. 

After muscular exertion the apex beat is stronger, due to the greater 
distension of the heart from the freely flowing blood, the greater pressure, 
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and consequent distortion it suffers, and the resultant “assertion” 
during systole. Similar changes due to the same cause occur during 
respiration. Fig. 21 represents a tracing of the heart taken with a 
cardiograph pressing lightly with its button on the heart. During the 
period of inspiration when the heart is freely supplied with blood and 


Fre. 21. 


A cardiographic tracing with an ordinary button cardiograph shewing the effect of 
respiration. The ascents of the crests are inspiratory, and their descents, and the 
subsequent troughs are expiratory. 


dilating freely the cardiac tracing in all its parts is well marked, while 
during expiration the elevation of the lever is considerably lessened. 

Whether or not the cardiograph will yield any reliable information 
regarding the heart in disease I am not in a position to say. In 
applying it for such a purpose I would recommend the physician to 
use a buttonless cardiograph such as I have described, and invariably to 
take a simultaneous tracing of the carotid pulse. If he possesses 
already a cardiograph let him use that as a sphygmograph for the 
carotid. By far the best pulse tracings I have ever seen can be obtained, 
simply by pressing with the cardiograph held in the hand, so that the 
button rests over the artery. At the same time a buttonless cardiograph 
should press upon the chest wall. If corresponding points aré obtained 
with the cylinder at rest, one can at once find out on the cardiogram 
in the way already indicated, both the beginning and end of systole. 

I imagine that important results might be obtained by this method, 
and of especial interest would perhaps be the nature of the impact felt 
in the case of the palpitating heart; here one is almost disposed to 
think that displacements of the heart as a whole occur, although the 
point can only be settled experimentally. Landois has published a 
good deal concerning the cardiogram of the abnormal heart, but his 
interpretation of the normal curve is so manifestly erroneous, and the 
figures of the abnormal cardiogram so complicated by “ inertia” 
manifestations, that the ground may be considered as still practically 
untrodden. 
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General Conclusions. 


(1) Physiologists have erroneously assumed that many of the 
phenomena of the cardiac cycle, observable in the opened chest cavity, 
obtain in the normal chest cavity. 

(2) All diameters of the heart increase during diastole and the 
organ presses outwards on all sides, anteriorly as well as posteriorly 
and laterally. All diameters diminish during systole, including the 
front to back diameter. 

(3) The heart is not tilted forward to the right during systole ; this 
only occurs when the heart has been displaced on opening the chest. 

(4) As the heart expands during diastole it becomes at the same time 
so flaccid as to flatten by its own weight, it therefore becomes distorted 
by the ever-changing walls of the cavity in which it rests (chest wall and 
lungs) and during systole its first act is to recover itself, “asserting 
itself” against the tissues that surround it. This causes the apex 
beat. 

(5) The cardiogram has been misinterpreted, for during diastole the 
lever ascends, descending during systole (as the front to back diameter 
of the heart lessens); at the commencement of the systole is however 
an insignificant rise, due to the “assertion” of the heart against the 
chest wall. The ordinary cardiograph has a button, and this presses 
into the interspace, presses upon the heart in diastole when it is flaccid ; 
during systole this is violently thrown off, giving a marked upstroke 
which however is due to the unnatural condition of the experiment. 
Remove this button and. we obtain a true cardiogram shewing ascent of 
the lever during diastole and fall of the lever during systole. 

(6) “Momentum,” the result of the sudden outflow of blood, 
certainly plays a part in producing the apex impulse and no doubt 
' modifies the cardiogram, though to what extent it is difficult to say. 
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a 


* 
ke 
eee 
& 
* 1879. 
— 
q 
4 
2 


ON THE EXCRETION OF URIC ACID AND UREA. By 
W. P. HERRINGHAM, M. D., anp H. O. DAVIES. 


BeinG much interested by Dr Haig’s recent papers upon this subject 
we determined in a short time at our disposal last winter to estimate 
the daily quantities of uric acid and urea passed by a healthy man. 


Dr Haig has declared that the fraction = varies inversely with 


the daily total acidity of the urine. He obtained these results by a 
process (Haycraft’s) which has been severely criticized by competent 
persons, and we were anxious to see whether, when the standard method 
of Salkowski was adopted, the results would bear out his rule. We 
carried out the estimations during two periods, the one of sixteen days 
of mixed diet and occasional doses of wine; the other of eight days, 
during which no wine, flesh, fish, or fowl was taken except on one day 
in the middle of the course. 

The urea was estimated by the hypobromite process corrected by 
the barometer and thermometer, the uric acid by Ludwig’s modifi- 
cation of Salkowski’s silver process, and the acidity by a decinormal 
soda solution -with phenolphthalein for an indicator. The results of 
this latter are expressed in grains of oxalic acid. (See Tables I. and II.) 

The daily totals of the first period give no confirmation to Dr 
Haig's opinions, for the fraction varies apparently without reference to 
the acidity. We feel however that the diet was not strict or regular 
enough to avoid interference with natural tendencies. The food was 
not weighed, and wine was taken at too frequent intervals to allow, if 
Dr Haig rightly estimates its effect, of recovery of equilibrium. The 
second period offers much more conformable results, but is too short 
for any safe conclusions to be drawn from it. c 
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Taste I. Mixed Diet. TasLe II. Vegetable Diet. 
8 8 
Date. Date. 257 255 
: E E 

4-5 xii 1890 31 | 120 | 376 | 28-29 xii. 1890 | 245 | 7-7 277 
5-6 45 | 13-7 | 439} 29-30 „ 45°3 | 10°3 302 
6-7 37 | 110 | 379 30-31 „ 32:7 | 11:3 400 
1 63 | 12-4 | 466 31-1 1. 1891“ 28-7 | 11-7 402 
8-9 46 | 143] 411] 1-2 426 | 77 412 
„ 40 | 136] 511] 23 > 300 | 96 | 357 
50 | 171) 512] 3-4 42-1} 89 362 
52 | 1371513} 4-5 | 10-0 | 461 
„ 56 12˙1 485 
1314 „ 52 | 15°0 | 453 Totals | 292-0| 76-7 | 2973 
38 | 14-0 | 398 
46 14˙5 456 
42 | 18:3 | 409 
| 38 | 15-1 | 409 
18-19 ss 41 | 10-9 | 390 N.B, The vegetable diet was begun 
19-20 50 | 17:5 | 607 | Om Dec. 26 so as to avoid contamina- 

25 tion of the results. 

Totals | 727 | 225-2|7214 


One fact however appears very plainly, and it is on this account that 
we record the research. If Dr Haig’s opinion be correct, uric acid is 
not a substance formed now in large, now in small quantity, according 
to irregular assimilation, but is always produced in some fairly constant 
proportion to the urea. The variations in its excretion depend not 
upon varied formation, but upon the varying alkalinity of the blood. 
If the blood be less alkaline uric acid will be less soluble in it, and less 
will therefore be carried to the kidneys. Much will be excreted when 
the blood regains its alkalinity. If therefore a diet be taken which 
lowers acidity, the excretion of uric acid will rise in proportion to the 
urea, because the blood will be better able to dissolve it and carry it to 
the kidneys. 

If now the totals of the two periods be compared it will be at once 
seen that this is not the case. In the first period of sixteen days 7214 
grains of urea and 225 grains of uric acid were excreted—a proportion 
of 32 to 1. The acidity was equivalent to 727 grains of oxalic acid, an 
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average of 45 grains per day. In the second period 2973 grains of urea, 
and 76˙7 grains of uric acid were passed. The acidity was equal to 292 
grains of oxalic acid. Thus, with an average acidity of 36 grains the 
proportion of urea to uric acid was as 38: 1. 

No certain conclusions can of course be drawn from this whether 
Haig’s hypothesis of a steady 8 formation be correct. This 


much however can be said. The acidity, the visible acidity at any rate, 
cannot be the principal agent in controlling the excretion. There must 
be some other factor. This may lie in some other constituent of the 
blood or some other condition of the kidneys. Or the hypothesis may 
itself be wrong, and we may find that it is the formation and not the 
excretion merely of uric acid which varies. 
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ON THE EXCRETION OF URIC ACID, UREA AND AM- 
MONIA, WITH A SCHEME OF CURVES. By W. P. 
HERRINGHAM, MD., FRO P. anv E. W. GROVES, BSc., 
London. (Plate XIV.) 


A research carried out at the Laboratory of the Royal Colleges of 
Physicians and Surgeons in London. 


Our object in this investigation was to discover whether the excretion 
of uric acid when compared with that of urea followed any definite 
rule, and especially whether, as has been frequently stated of late years 
by Dr Haig, the proportion borne by the one to the other varied 
inversely as the acidity of the urine. 

One of us had already been engaged in a similar investigation’, but 
that experiment had left much to be desired in point both of complete- 
ness and of duration, and we desired to test the theory above referred 
to more fairly, and more fully. 

For this end we examined daily the urine of one of us (H.), who at 
the same time placed himself on a diet calculated to interfere as little 
as possible with physiological processes. The total quantity of urine 
passed in the twenty-four hours was measured. From specimens of 
this total the visible acidity, the ammonia (corresponding to what may 
be called the latent acidity), the urea and the uric acid were all 
estimated. 


The diet comprised 
Dressed butcher's meat 3 02. 
Dressed fish 3 bon. 
Bread 12-16 oz. 
Vegetables 12-16 oz. (of which about 6 oz. were 
| potatoes, the rest greens or 
fruit.) 
Coffee 1 pint 


A little milk (about 4 oz.), and water as required. 


1 See p. 475 of this issue of the Journal. 
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No wine or other alcohol was taken except on one day as noted. 

This diet was chosen as being the diet natural to the person 
examined, and as being sufficiently alkaline to avoid all interference 
with excretion. The health remained good throughout’. 

The Processes employed were as follows: 

Visible acidity was tested by taking 50c.c. of urine, adding a few 
drops of phenolphthalein solution and running in a decinormal solution 
of soda from a burette till the pink colour could be seen with certainty. 

Ammonia or latent acidity was estimated by Schlösing and 
Neubauer's method, with normal sulphuric acid. 

Urea was estimated by the hypobromite process corrected for 
variation in temperature and atmospheric pressure. 


Uric acid was estimated by processes described in a subsequent 


paper by one of us, see p. 485 of this issue of the Journal. 

The experiment lasted thirty days, from May 19 to June 18. The 
results are appended. (See Table I.) 

It will be seen that the average visible acidity of the urine was 
low, ranging usually from 25 to 40 grains of oxalic acid. This was 
in accordance with our wishes, for we feared lest, if Haig's theories 
were correct, any excess of acidity might, as he supposes, prevent 
excretion, and store up uric acid within the body, which on the next 
day of low acidity would produce a very excessive excretiou. By 
avoiding high acidities we expected to avoid all but slight interferences, 
and to arrive at the physiological, rather than the pathological excretion. 
That this was desirable is evident, for, as far as we know, the excretion 
of uric acid has never been continuously compared with the excretion 
of urea by the help of processes which are above suspicion, and if their 
relations in health are not known, it is unsafe to construct theories of 
disease upon their variations. 

To the visible acidity must be added the latent acidity as evidenced 
by the excretion of ammonia. It is well known that carnivora, and 
man in this respect behaves like them, excrete large quantities of 
ammonia if the acidity of the food be high or if additional acid be 
given to them. The excretion of ammonia can be so varied at will 
by the exhibition of acids and alkalies, that it appears proved that 
ammonia acts as a safeguard to prevent any dangerous lowering of 
the blood’s alkalinity. Rabbits and other herbivora do not possess 
this power, and Haig suggests that whereas healthy people are able 
by producing ammonia to keep the blood’s alkalinity, and therefore, 

1 The weight was 10 stones. 
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* Sod. salicyl. gr. 45 taken on these days. 
> Port wine, 3 ounces taken. 


480 W. P. HERRINGHAM AND E. V. GROVES. 
Taste I. (See Plate XIV.) 
Uric acid Urea 
— | equivalent | 
Grains | Grains in — 
200 d. Total | intotal | total | Total | Total | Sms 
(Salk.) grammes, | (Salk.) | (Hayeraft) 
v. 91 
19-20] 1380 4% 136 % | 928 | i347 | 18:58 | 35-4 | 548 
20-21 | 1930 | 44.7 168 | 1-0332 | 16-014] 17-22 | 84°5 | 534 
ai-224 1350 | 54-4 440 1005 1-140 | 17-67 | 23:10 | 38-8 | 601 
22-23 | 1880 | 264 70 0 | 6313 | 978 21-53 | 31-7 | 491 
2824 1380 | 27-7 126 | 8694 | 19-47 | 22°81 | 32-7 | 506 | -1862 
24-25 | 1770 2556 150 | 13275 | 20-57 | 26-61 | 348 | 539 2655 
25-26 | 1800 | 273 96 00 6% | 19:39 | 247 | 88-0 | 589 | -4204 
2627. 1650 | 144 | 1-188 | 1841 | 316 | 820 | 496 | -3366 
27-28 | 1200 | 299 424 1226 -744 | 11-63 | 21-15 | 25°0 | 387 | -2448 
2820 | 1620 | 36-9 08 0 | -7938 | 10-30 | 22-75 | B1-1 | 482 | -3855 
29-30 | 1350 | 226 428/17 | -855 | 18:25 | 22:38 | 28°6 | 443 | -2754 
30-81 | 1200 | 39:8 143 | -858 | 13-29 | 23-64 | 300 | 465 1800 
vi. 91 
81-1*| 1880 | 255 468 4% | 116 | 17-96 | 2657 | 28°3 | 438 | -2179 
1-2 | 1770 | 375 9070 0%/f a6 | 947 | 1684 | 85°9 | 556 | -2655 
2-3 | 1560 | 29-7 07 0866 -617 | 956 | 20-29 | 266 | 412 | -1170 
2 ˙ 1260 | 841 102 | -642 | 9-95 | 16:33 | 28-1 | 435 | -2079 
4-5 | 1470 | 33-7 104 | -7644 | 11-84 | 29:06 | 82°8 | 508 | -3219 
5-6" | 1580 | 85°8 188 | 10557 | 16-36 | 28°55 | | 531 | -1560 
6-7 | 1140 | 825 420 4% | -7267 | 11-62 | 28-02 | 88-7 | 522 1660 
7-8 | 1830 | 81-1 60 0% 6813 | 978 | 30-48 | 26°5 | 441 2122 
8-9 | 1560 | 382 406 1 610 | 10-69 | 27:50 | 520 | 496 | 3712 
9-10 | 1350 | 448 122 | -s230 | 12-75 | 32-89 | 386 | 598 | -1836 
10-11 | 1350 | 30-3 155 | 1-046 | 16:21 | 28°69 | 32°3 | 500 2025 
11-12 | 1500 | 36-1 100 | -750 | 11-62 | 28:00 | 38-0 | 589 2821 
12-18 | 1710 | 1-6 400 10 | -9034 | 18-99 | 29-25 | 424 | 657 2528 
18-14 | 1290 | 263 84% 1% | si-47 | 27-4 | 424 | -2070 
14-15 | 1380 | 205 0% 6486 1005 | 178 | 276 | 427 
15-16 | 1410 | 21-3 448 4% | 1-0863 | 16:06 | 29:24 | 32-1 | 497 
16-17 | 1350 | 268 21 11 | -e167 | 1265 | 33:59 | 37-2 | 576 
17-18 | 1560 | 38:0 426% 4208s | 1541 | 27°50 | 40-5 | 627 
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as he thinks, the uric acid excretion, at a normal level, the gouty 
man resembles rather the rabbit, in that he is less able to keep his 
blood alkaline, and therefore more liable to store up uric acid in his 
inside. In the present case the amount of ammonia is so small 
throughout the experiment that it may be neglected. The visible 
acidity represents very nearly the whole amount of acid excreted, 
and the state of the blood is therefore fairly indicated by the numbers 
in this column. 

We have dwelt at some length upon these points in order to shew 
that the conditions of the experiment would probably allow physiological 
processes to develop unhindered. We regret to say however that in 
one respect this rule was departed from. On three occasions, as shewn 
in the tables, salicylate of soda was exhibited. This was done in order 
to confirm or disprove the power of increasing the excretion of uric 
acid attributed to it by Haig and others. We soon saw that the 
physiological excretion varied so much that no law could be formed 
from such short intervals as we had then allowed, and we therefore 
left the last twelve days free from any interference by drugs. Another 
subject of great regret to us is that circumstances entirely beyond our 
control broke off the experiment on June 18. We had hoped a longer 
trial. | 

To turn now to the excretion of urea and uric acid ;—The total 
amount of urea excreted in the thirty days was 15616 grains, of uric 
acid, 399°96 grains. The average excretion of urea, if that can be 
said to have an average, was 521 grains, of uric acid 13°33 grains. 
The proportion of the totals of uric acid and urea is as 1:39. No 
daily relation could be made out between the acidity and the pro- 
portion of these totals. The uric acid excretion did not as a rule 
rise above the average when the acidity fell, nor fall when the acidity 
rose. It was liable to considerable fluctuations for which no reason 
could be discovered, and which followed no regular course. The three 
exhibitions of salicylate of soda apparently coincided with large 
excretions of uric acid. It must however be remembered that sali- 
cylate of soda leaves the body as salicyluric acid. We are not aware 
that the behaviour of salicyluric acid in presence of an ammoniacal 
solution of silver is yet known, and it is at least possible that the 
apparent increase of uric acid is in reality due to some decomposition 
of salicyluric acid, and does not correspond to an increase in the uric 
acid excreted. On other days amounts of uric acid fully as large as 
these were excreted without any artificial acid. 
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Nor were the effects of the excretion at all more distinct than 
its causes. The period of the experiment was one of usual health, 
and the life led was extremely regular. No ill effects were produced 
by the large excretions, nor were the days of small excretion times 
of remarkable content. A slight headache occurred on one day, May 
28, which however was one of the lowest excretions recorded. From 
May 21 to May 28 a slight attack of lumbago and brachial neuralgia 
was experienced. The person undergoing the experiment is very 
subject to such attacks, which have been attributed to gout, and this 
period will be compared with that of another attack later. 

Objective symptoms were as absent as the subjective. Sphygmo- 
graphic tracings are here reproduced coinciding with the most various 
excretions. They were taken in the forenoon, as nearly as possible at 
the same time on each day, so that they might represent the state of 
arterial tension at the time of day which is supposed to be that of the 
greatest uric acid excretion. 

The tracings shew no alteration that can be referred to the excretion 
of uric acid. The same may be said of the exhibition of salicylate of 
soda. The other functions of the body were in W and natural 
exercise’, 

It will be seen from the tables that the uric acid was estimated 
by Haycraft’s abbreviated method, as well as by the full process of 
Salkowski and Ludwig. The former was constantly found to give 
a very large excess, but the excess was so irregular that it gave no 
indication as to the right amount. This method was therefore quite 
useless with this urine. It has been found erroneous by other 
experimenters also, by Salkowski himself, the originator of the 
silver process, and by Gossage. The error is not always of the 
same amount, but is always on the side of excess. Herrmann on 
the other hand found it to correspond accurately with the results of 
the gravimetric method. Haig does not appear to have compared 
the two“. It appears necessary, before conclusions can be founded 
on results obtained by Haycraft’s method, that they should be 
compared with those of the standard process, and we are driven to 
the opinion that no results should be accepted unden such comparison 
has been made. 


1 These were taken by Dudgeon’s sphygmograph. This is liable to so many fallacies 
that no accurate results can be obtained with it. We leave the tracings however for what 
other people may think they are worth. 

2 An explanation of these discrepancies is attempted in a paper on the chemical pro- 
cesses in this number of the Journal. 
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It may be that our entire failure to corroborate Haig’s observations 
in any one point is due to the difference of person, that what is true for 
his system is not true for ours. It may be on the other hand, that, 
having employed a very uncertain and inaccurate method, his results are 
themselves inaccurate and deceptive. 

The conclusions which we draw from the foregoing research are that, 
for the person under observation, | 

(i) The excretion of uric acid does not vary inversely 
with the daily acidity of the urine. 

(ii) Uric acid may be passed to the amount of m of the 
urea without any bad effects. 

The estimations of uric acid, urea, and acidity were resumed on 
July 5 and continued to July 22. The conditions were not those 
of health. The meals during this time were irregular, there was rather 
a severe pressure of work, less than the natural amount of sleep, 
and some indigestion. It was however useful in that, whereas during 
the first period a slight attack of lumbago coincided with a rather 
excessive uric acid excretion, during the second a similar but severer 


Taste II. 
| Acidity Urie acid Urea 
Date No. of c.. | = grains of grains grains. 
oxalic acid. |  (Salk.) 
vii, 1891 ! 
4-5 | 1260 16°11 452 
5—6 2190 10°52 505 
6-7 1800 11-16 553. 
7-8 1950 12°13 547 
8-9 | 1950 41:8 9-06 545 
9-10 18620 45˙4 11°23 581 
10-11 2100 54°0 12°51 671 
11-12 1740 44°8 11-62 522 
12-13 1860 52-2 11-60 575 
13-14 1800 42-1 8-42 496 
14-15 1380 52˙5 9°88 494 
15-16 1560 43°5 9°81 576 
16-17 1470 63-0 660 
17-18 {| 1920 36˙8 613 
18-19 2100 49-1 15°50 645 
19-20 1800 47°4 14°59 630 
20-21 1500 52-2 11-67 537 
21-22* 1470 60˙2 20°40 625 


„ Sod. salicyl. gr. 45 taken on this day. 
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attack, ascribed to a chill, was accompanied by an excretion considerably 
below the average. This seemed therefore to shew that the excretion 
of uric acid was of little importance in the causation of lumbago. The 
daily variations during this period shewed no dependence on the visible 
acidity of the day. The range of visible acidity was somewhat higher, 
about 50 grains of oxalic acid, the urea was very much increased, 
probably owing to less restricted and less regular feeding, but the uric 
acid did not rise in proportion. The average is 123 grains per diem, 
slightly less than that of the first period. 7 ; | 

The high totals of the 18th and 19th of July with an acidity of 
49 and 47 respectively shew that the uric acid can be excreted in full 
quantity at this acidity level. There is nothing therefore in these 
numbers to shew a retention as against a diminished formation, which 
is the main question involved. 

We regret that we have done so little toward the discovery of the 
laws governing the excretion of uric acid. It is however in the 
experience of all that what is quickly found takes twice finding, and 
the very inconclusiveness of our results seem to us some evidence that 


they are true. Maxpa dp i rx. 
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ON THE ESTIMATION OF URIC ACID IN HUMAN 
URINE. By ERNEST W. GROVES, BSc. (Lond). 


From the Laboratories of the Royal Colleges of Physicians and 
Surgeons in London. 


In a series of analytical experiments the physiological results of which 
are embodied in another paper, I gave systematic attention to the 
much vexed question as to the best method of estimation of Uric acid 
in human urine. Of the various methods which have been proposed, 
three only claim our special attention, viz. the two modifications of 
Salkowski’s silver process which have been introduced by Ludwig 
and Haycraft respectively, and the ammonia process of Fokker. 
And as that of Fokker was certainly not more accurate than that of 
Ludwig and appeared almost more tedious, the question resolves itself 
into a choice of Ludwig’s or Haycraft’s Method. 

That which Ludwig suggested in improvement of Salkowski’s 
plan is briefly as follows: 200 C. c. of urine are taken and to this is added 
a mixture of 20c.c. Ammoniacal Silver nitrate solution and 20c.c, of 
Magnesia Mixture (MgCl, + NH,Cl + NH,HO) cleared from precipitated 
chlorides by a sufficiency of Ammonia. The urine is allowed to stand 
for upwards cf three-quarters of an hour with occasional agitations, after 
which it is filtered. The precipitate is washed with ammoniacal 
distilled water until the washings are perfectly colourless (an operation 
taking about 2 hours). This precipitate, which will for the sake of 
convenience be hereinafter called “ the first precipitate,” consists of the 
phosphates of Magnesium, Calcium, and Ammonium, and Silver Urate. 
Then it, together with the filter-paper, is treated with a boiling solution 
of sulphide of sodium, which decomposes the silver urate into silver 
sulphide and sodium urate. This is filtered and washed repeatedly 
with hot water. The phosphates, silver sulphide and fragments of the 
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first filter paper form ‘the second precipitate.’ The solution of sodium 
urate which is always of a dark colour but should be transparent, is now 
acidified with hydrochloric acid and evaporated down until the uric 
acid begins to separate out, and then left for 12 hours to complete the 
process. This is then filtered through a weighed glass wool filter and 
washed with water, ether, carbon bisulphide and rectified spirit succes- 
sively, dried, and again weighed, the difference between the two weights 
representing the amount of uric acid present in 200 c.c. of the urine. 
Now besides the immense labour entailed by this, the process also 
involves a certain difficulty which in some conditions of the urine is 
almost insuperable. These conditions appear to be far more common 
than Ludwig supposed. After having worked for some days with the 
urine which we used for the continuous estimation, I noticed that the 
filtrate from the second precipitate was generally more or less dark and 
opaque and on evaporation yielded excessively impure uric acid, which 
impurities did not seem to be affected by the subsequent treatment 
with carbon bisulphide. At first the great variation in degree of this 
phenomenon led me to suppose that it was due to some carelessness in 
manipulation. But on finding that the extent of the opacity bore no 
relation whatever to the frequency of the previous washings, I varied 
the conditions of the experiment and at length discovered it to be 
directly proportionate to the amount of sodium sulphide employed. 
Manifestly the explanation of the difficulty is, that an excess of the 
latter reagent reduced the silver and precipitated it in the form of a 
finely divided black sediment which went through the pores of the 
filter. It is necessary that sufficient sodium sulphide be added to give 
an excess with even the highest possible amounts of uric acid, and if 
this latter falls short of the maximum there will be a contamination 
with reduced silver. I adopted a method which completely obviated 
this difficulty and likewise considerably facilitated the later stages of 
the operation. This consisted in using instead of the sodium sulphide 
a solution of Potassium Iodide of equivalent strength. As Iodide of 
Silver is only slightly soluble in ammonia the quantities which would 
run through with the faintly alkaline second filtrate would be exces- 
sively small and would remain in solution throughout the operation, as 
it is equally soluble in acids and in ammonia. By this means the 
solution of uric acid is obtained clear and only slightly yellow (due to 
liberated iodine), The uric acid is generally of a brown tinge, though 
this is but slight if the evaporation be stopped immediately on the 
appearance of crystals. This tinge which is caused by free iodine is 
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readily removed by subsequent washings, leaving the acid perfectly pure 
and almost colourless. And further, instead of the glass wool filters 
which are so difficult to make of the right consistency and so tedious 
to dry, we used the smallest size of paper filters, which after a little 
experience we found it quite possible to weigh in a glass funnel. These 
improvements, viz., the use of Potassium Iodide instead of Sodium 
Sulphide with consequent facilitation of the second filtration and the 
' dispensing with the Carbon bisulphide washings, as well as the substi- 
tution of paper for glass wool filters, gaye us a method which while 
thoroughly accurate was distinctly less tedious than that of Ludwig. 
The facts that led to the conclusion that it was perfectly accurate are 
as follows :—(1) The results obtained from the two specimens each day 
throughout thirty days rarely differed from each other by more than 
‘002 grm. and not unfrequently actually coincided. (2) A qualitative 
examination of the first filtrate as well as of the second precipitate 
shows that no appreciable amount of uric acid is neglected while the 
purity of the final product as seen under the microscope shows that no 
foreign matter is included therein so as to make the results too high. 
Now as to Haycraft’s volumetric process. He gives the following 
directions: Take 25 c.c. of urine, add about 1 grm. of sodium bicar- 
bonate and then a sufficiency of ammonia, followed by ammoniacal silver 
nitrate solution. This is filtered through asbestos by means of an air- 
pump. The precipitate contains silver urate and ammonio-magnesium 
phosphates. It is dissolved on the filter by 30°/, nitric acid and the 


silver estimated in the acid solution by Volhard’s method. We 


adopted the precautions of washing the precipitate until no silver was 
found in the filtrate (showing absence of silver chloride) and of washing 
the filter itself free from all trace of acid after the precipitate had been 
dissolved through it with nitric acid, these latter washings being of 
course added to the acid solution of silver. The method rests upon the 
threefold assumption that the uric acid combines with nothing but the 
silver, that this combination is a constant one, and that the silver 
combines with nothing but the uric acid. The first points were long 
ago tested by Salkowski and Maly, and by them to their own 
satisfaction disproved. When the results of the full process and of 
Haycraft’s abbreviated method differ, those of the former must needs 
be selected, since this gives the only standard by which the latter can 
be judged. Professor Haycraft does indeed endeavour to test his own 
method by the help of artificial solutions and finds that with them its 
results come true. He further finds that if to a urine whose uric acid 
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has been estimated, a known quantity of uric acid be added, his method 
accurately registers the addition. But urine is hopelessly different 
from any artificial solution, and the mere addition of uric acid to a 
urine is probably insufficient to produce the combinations of the acid 
which naturally exist. It would thus be but another form of the fallacy 
inherent in artificial solutions. Our present methods of estimating 
uric acid are undoubtedly imperfect, but if the silver process be used, 


the only way of proving its-results is to show that no uric acid is left. 


behind on the way and that the salt obtained is pure. The gravi- 
metric method conforms to these tests and must therefore for the 
present form our standard. In our hands Haycraft’s method gave 
results widely different from those obtained by that of Ludwig. This 
difference however was always on the side of excess, but bore no 
constant ratio to the standard result. We are driven therefore to 
consider it quite untrustworthy for the urines which we employed. 

The results obtained by Haycraft’s method have varied enormously 
in the hands of different chemists, and it appears to me highly probable 
that the explanation of this lies in the existence of intrinsic dif- 
ferences in the urines employed. The urine is a complicated mixture 
of organic and inorganic constituents of which only those occurring 
in comparatively large quantities are known to us. These include u 
certain number of ferments which must tend to promote instability 
of composition. The consequent differences in qualitative reaction of 
various urines have, I think, been somewhat overlooked. Thus while 
it is possible that with those examined by himself and Hermann 
the process was nearly correct, it by no means follows that the large 
inaccuracy found by 5 5 and the still larger difference shown 
by Gossage and myself is simply proportionate to the elumsiness of 
the manipulator as Haycraft would have us to suppose. 

The fact must still remain that with these urines the method has 
proved wholly untrustworthy. 


Note. In Hoppe-Seyler’s Ztschft. f. Physiol. Chemie, xv. 5, 
p. 436, Prof. Haycraft attacks Salkowski’s silver process. He 
maintains that the proportion of silver to uric acid in experiments 
which he quotes from Salkowski becomes progressively nearer to the 
ratio (108 to 168) which he believes always to obtain, as the urine 
becomes stronger. This he explains on the theory that by this process 
there is a constant small deficit, which makes a lesser percentage of 
loss when the total of uric acid is greater. The numbers which he 
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quotes do not however bear out this supposition, and if Gossage’s and 
our results are not very wrong they are quite sufficient to contradict it. 
Professor Haycraft simply refuses to accept Gossage’s results. 

I may add that in double estimations by Haycraft’s process I 
found the results constant, which is perhaps some evidence that it was 
rightly carried out. On the other hand the enormous totals thus 
obtained are strongly suggestive of error. They are much larger than 
the natural amount. 


CAMBRIDGE: PRINTED BY c. J. CLAY, M.A. AND SONS, AT THE UNIVERSITY PRESS, 
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PROCEEDINGS 


PHYSIOLOGICAL SOCIETY, 
1890. No. VI. 


St Mary’s Hosprrat, Lonpon. December 13th. 


1. J. N. Lanctey, “The Innervation of the Pelvic Viscera.” 

Descending Colon. Stimulation in the rabbit of the 3rd and 4th 
sacral nerves in the spinal canal causes a strong contraction of the 
descending colon. The contraction affects both longitudinal and circular 
muscular coats, and may be either peristaltic or tonic. A similar but 
much weaker contraction is produced by stimulating the 2nd sacral 
nerve. The Ist sacral nerve has a more doubtful effect. 

Stimulation of the lumbar sympathetic chain from about the 2nd to 
the 6th ganglia, or stimulation of the rami from the sympathetic 
chain to the inferior mesenteric ganglia, causes usually a brief pre- 
liminary contraction, and in all cases soon or at once a marked in- 
hibition of the movements of the descending colon ; the contraction and 
the inhibition affect both muscular coats. The stimulation causes 
also great paling of the intestine. On stimulating the sympathetic or 
its branches, some care is required to avoid reflex effects. The exact 
origin of the sympathetic fibres from the cord, I have not yet deter- 
mined. After injection of about 10 mgs. of nicotin into a vein, the 
effects described above are no longer obtained,—a slight effect might 
perhaps escape notice—but on stimulating the sacral nerve fibres in and 
peripherally of the hypogastric plexus, contraction of the descending 
colon is obtained, although it is usually weaker than normal; and on 
stimulating the inferior mesenteric ganglia, especially the upper ones, 
or on stimulating the inferior mesenteric nerves, inhibition and pallor 
of the descending colon are obtained in undiminished intensity, the 
preliminary contraction may also be obtained but is usually less 
evident. | 
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Hence, the sacral nerve fibres which run to the descending colon 
are connected with nerve cells in the bypogastric plexus, some of the 
fibres probably running through the plexus to be connected with cells 
farther on their course ; and the sympathetic nerve fibres which run to 
the descending colon are connected with nerve cells in the inferior 
mesenteric ganglia, and chiefly, at any rate, in the upper inferior 
ganglion. After a large dose of nicotin e.g. 130 mgs. has been injected 
into a vein, inhibition and pallor of the descending colon can still be 
obtained by stimulating the upper inferior mesenteric ganglion; but 
no motor effects can be obtained except by direct stimulation; this 
suggests that the motor fibres may be connected with the nerve-cells 
of Auerbach’s and Meissner’s plexus, a larger dose of nicotin being 
required to paralyse these than to paralyse the ordinary sympathetic 
nerve-cells. But this requires further investigation. 

The Rectum has a nervous supply similar to that of the descending 
colon except that (a) some of the sympathetic fibres are ,apparently 
connected with nerve-cells in the hypogastric plexus and (0) it is 
doubtful whether the recto-coccygeal muscle, which is the main agent 
in pulling down of the rectum, receives any fibres from the sympathetic. 
Unlike the proper muscular coats of the intestine, this muscle contracts 
on stimulation of the sacral nerve fibres peripherally of the hypogastric 
plexus, after a large dose of nicotin (130 mys.) has been given. 

The Bladder has also a nervous supply in general similar to that of 
the descending colon. The sacral nerve fibres are connected with nerve 
cells partly in the hypogastric plexus, and partly on the further course 
of the nerve fibres along the lateral artery of the bladder. After 130 mgs. 
of nicotin have been injected into a vein, stimulation of the nerve fibres 
close to the bladder still cause contraction. The sympathetic nerve fibres 
end partly at any rate in the inferior mesenteric ganglia. The con- 
traction and inhibition of the bladder affects as far as can be seen the 
whole muscular tissue of the organ. 

The Uterus receives its motor fibres for both coats from the 
sympathetic chain chiefly from about the 4th to the 6th lumbar 
ganglia; most of the fibres run to the lower inferior mesenteric 
ganglia and are connected with nerve cells there. But the results 
have not been constant. And so far I have not been able to observe any 
certain effect on the uterus to follow stimulation of the sacral nerves in 
the spinal canal, The vasa deferentia and prostate vesicle behave like 
the cornua and body of the uterus respectively. 

58 Vagina in its lower portion may be made to contract and occasion- 
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ally to dilate on stimulating any part of the sympathetic chain from 
about the 2nd lumbar to the 4th sacral ganglion. Above the 4th 
lumbar ganglion the action may be weak. As a rule the stimulation 
causes pallor, but occasionally a slight flushing of the mucous membrane 
may be obtained. After a dose of about 10 mgs. of nicotin stimulation 
of the sympathetic chain in the lumbar region has no effect on the 
vagina, whilst after even a large dose of nicotin stimulation of the 
sacral sympathetic chain still causes contraction and pallor. Hence the 
sympathetic fibres to the vagina are connected with nerve cells in the 
sacral sympathetic ganglia; the fibres run from the ganglia by the 
grey rami communicantes to the sacral nerves. It is possible however 
that a few sympathetic fibres take the course of the hypogastric nerve. 

Stimulation of the sacral nerves in the spinal canal also causes 
either contraction and dilation (inhibition), pallor or flushing of the 
vagina. The dilation and flushing can always be obtained, and are 
much more marked than the dilation and flushing sometimes seen on 
stimulating the sympathetic; dilation and flushing is perhaps the 
prominent effect of the 3rd and 4th sacral nerves, and contraction and 
pallor of the Ist and 2nd sacral nerves, but apparently each sacral 
nerve can produce all the possible effects upon the vagina. The sacral 
nerve fibres for the lower part of the vagina are connected with 
nerve cells placed in or close to its walls. The innervation of the penis 
is the same as that of the vagina 

It has been stated by various observers that the innervation of 
the pelvic viscera is such that the sacral nerves cause contraction of the 
longitudinal muscles and inhibition of the circular muscles, whilst the 
sympathetic nerve fibres cause contraction of the circular and inbibition 
of the longitudinal muscles. And the vagus and splanchnic nerves have 
been said to have a similar action on the small intestine to that 
attributed to the sympathetic and sacral nerves respectively upon the 
pelvic viscera, 

It will be seen from the account which I have given that I consider 
this view to be unfounded for the pelvic viscera ; it is, I think, equally 
unfounded for the small intestine ; stimulation of the splanchnics causes 
certainly inhibition of both coats, and apparently, in certain circumstances 
contraction of both coats; stimulation of the vagus causes certainly 
contraction of both coats. 

The rami from the lumbar sympathetic chain to the inferior 
mesenteric ganglia I take to correspond physiologically as they 


obviously correspond anatomically to the rami which make up the 
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splanchnics; all the rami have a prevailing inhibitory and vaso-con- 
strictor action on the parts of the intestine they supply. Further the 
sacral nerve fibres have, it seems to me, the same action on the lower 
part of the intestine that the vagus has on the larger, upper, part. 

In the foregoing statement I have confined myself to the points 
which can be observed in the rabbit; in the cat and dog the general 
results have been the same, but the effects on the descending 
colon are very difficult to make out. The Ist sacral nerve of the 
rabbit corresponds with the 7th lumbar of the cat and dog. The 
points of difference between the cat and dog on the one hand, and the 
rabbit on the other, I propose however to consider in a later and 
detailed account, in which the results obtained by previous observers 
will also be discussed. 


2. ANDERSON STUART :— 

(1) Demonstration—When one holds, or attempts to hold by one 
finger and thumb, a hoop of crinoline steel of suitable dimensions in 
the vertical, oblique and horizontal planes, it reproduces in succession 
the transverse sections of the quadrupedal, human foetal and human 
adult’s thorax. 3 

(2) Exhibition of Kymoscopes. The principle of the apparatus is 
that glass manometer tubes are inserted at equal distances into a long 
tube—say 24 ft. long—the tube is spirally coiled so that the mano- 
meters stand side by side. When the pressure is varied in the coiled 
tube the foreshortened wave is seen in the manometer Series. The 
apparatus may be variously modified for special purposes. One demon- 
strates many of the physical phenomena of the circulation; another 
demonstrates the effects of combining waves of various magnitudes and 
phases. With the latter was employed a double piston pump so 
constructed that the different waves could be accurately gauged. 

(3) Exhibit—a membrane in front of the vitreous humour lining 
the fossa patebaris. 

(4) Exhibits of crystalline lenses, &c. showing that when the 
eyeball is allowed to decompose spontaneously the suspensory ligament 
is entirely detached from the lens capsule and upon the latter no trace 
of the attachment is discernible. 

(5) A mode of demonstrating to a class the position of the images 
in diplopia by worsted balls pierced by wires. 

(6) A mode of showing by differently coloured spots of light that 
images falling upon the inner sides of the retina are referred to the same 
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side of the outer world as that of the eye concerned, while images falling 
upon the outer sides are referred to the opposite side of the outer world. 

(7) A mode of demonstrating the membranes of the developing 
chick—about 12th day—by injecting coloured fluids, with or without 
air into the amniotic and allantoic vesicles, by pushing through the 
membrane a hypodermic needle at the end of a rubber tube for 
convenience of working. The fluids or air are blown in. 

(8) Photographs from a case in the Prince Alfred Hospital, Sydney, 
showing that the epiglottis did not fold down as usually described in 
the movements of deglutition. 

(9) A mode of making diagrams—an ordinary blue photograph 
print is lined over freehand with ink and when dry passed through a 
1°/, sol. caustic soda: the ink lines alone remain. 


3. SHERIDAN DELEPINE :—“On Cutaneous pigment, (as an ante- 
cedent of haemoglobins).” 

I. For many years I have been struck with some remarkable 
analogies existing between chlorophyl and haemoglobin, and I have no 
doubt that most physiologists have recognised the physical, chemical, 
anatomical and physiological resemblances existing between these two 
pigments so essential to the perfect physiological activities of so many 
classes of plants and animals. One great difference had however 
always troubled me, light or rather luminous heat is practically an 
essential factor in the production of chlorophyl (with exceptions known 
to all), whilst it seems to have little share in the direct production of 


haemoglobin. This is true that spanaemia like the chlorosis of plants 


may be due to absence of light, but as red blood corpuscles are 
generated in parts of the body not exposed to light, this factor 
can influence their formation and pigmentation only through the 
agency of some product elaborated under the influence of light. 
For a time I thought that some change must occur in the blood as it 
passes through the skin. The influence which sunlight has on the pro- 
duction of melanin in the epidermis, seemed also to indicate some relation 
between that pigment and haemoglobin ; but I could find no key to that 
relation owing probably to the belief that all the pigments of the body 
were more or less directly dependent on haemoglobin for their production. 

II. A few months ago the splitting of the elements of haemo- 
globin occurring in the liver, the excretion of the effete non- 
ferruginous elements and the retention of the greater part 
of the iron, suggested to me that the iron thus retained was probably 
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used for the production of fresh haemoglobin, and I began to think of 
the way in which the other part of the pigment might be reproduced. 

Iron and light are two essential factors in the elaboration of 
haemoglobin just as in that of chlorophyl, and I looked to the skin 
again. A number of fucts,whigh I had collected acquired new signifi- 
cance and a melanotic tumaqur which I had to examine a few months 
ago gave me at, last; the clue which I was looking for. These pre- 
liminary remarks will probably; be enough to explain the object and 
nature of my investigation. 

III. I will.therefore simply enumetate the facts which I 
have collected without discussing them, and then give the con- 
clusions to whieh these facts have led me. 

A. The formation of melanin may become considerably 
increased in the skin under various circumstances, yet not- 
withstanding, its great insolability.and the almost total absence of 
pigment in the superficial layers of the.epidermis, the melanin,after 
being formed gradually disappears (under ordinary circumstances) 
when the stimulus has ceased to act. 

The pigment. must therefore be transformed into some pale or 
colourless product. 

This pale or colourless product.is formed i in the deep layers of 
the skin and may either pass towards the surface or be absorbed by 
the subjacent tissues. 

The rapid loss of. pigment which is pften observed in. the hair, is 
a familiar proof in support of this statement. 

All the stimuli which are capable of acting upon gland cells with 
the addition of light are apparently capable of indueing the formation 
of pigment : 

(1) Luminous heat. Sunburning (chloasma or melasma). 

(2) Dark heat. Heat chloasma. 

(3) Chemical irritants. ‘Mustard and Chrysophanic acid 
applied directly to the skin. Arsenious acid and Chrysophanic 
_acid circulated by the blood. (Toxic chloasma.) 

_ (4). Mechanical stimuli ag in scratghing. (Traumatic chloasma.) 

(5) Nervous stimulation as when areas corresponding to 
, herves undergoing inflammatory changes become pigmented, eg: in 
anaesthetic, leprosy, before anaesthesia has occurred. 

(6) There are many states combining several of these 
factors and causing a considerable deposition of pigment in the skin 
either locally or generally, e.g. Inflammations of the skin, Pregnancy, etc. 
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The deposition of pigment in Addison's disease. may or, may not 
belong to this class of cases. | 

There is therefore no doubt as to the production of pigment 
in the skin when that organ is stimulated. 7 

I have examined sections of skin pigmented under. the influence 
of light, heat, chemical irritation, nervous irritation, , inflammation, 
Addison's disease, and have read many of the accounts given by other 
observers and have always found that the. pigment was deposited in 
the deep layers of the Rete Malpighii. 

In certain instances of pigmentation from medicinal administration 
of arsenic the pigment has been found not only in the deep layers of 
the epidermis but also to a certain extent in the lymphaties of the 
cutas, a fact which I have also observed in the most pigmented parts 
of the skin such as the nipple. No melanin is however produced in 
parts of the skin deprived of their epidermis. 

B. The formation of melanin may become considerably 
diminished under certain circumstances and may even be 
abolished; the following are some of these circumstances. 

(1) Absence of heat. 

(2) Absence of light. 

(3) When the skin is inactive or atrophied, as when it covers 
fibrous scars, 

(4) When nerves are divided or destroyed by disease, e.g. white 
centre of pigmented patches in anaesthetic leprosy, the non- pigmented 
centre of these patches correspond to the anaesthetic region. 

(5) Under certain conditions, the nature of which is unknown 
but which seem to be often connected with imperfect innervation, the 
skin may be entirely or in part deprived of pigment. (Albinism.— 
Vitilego, etc.) It is therefore evident that whilst stimulation of 
the epidermis brings about the production of pigment in 
the epithelium covering it, absence of stimulation either 
external or nervous or imperfect development of that epi- 
thelium are attended with absence of or diminished produc- 
tion of pigment. It will be noticed that this imperfect production 
of cutaneous pigment is often combined, if not always, with diminished 
pigmentation of the blood. 

IV. The production of melanin by the epidermis being abundantly 
proved I now attempted to discover how that substance originated. 

A. Was it as most physiologists believe a derivative of haemoglobin 
or was it as I thought produced independently of it? 
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(1) Melanin appears in many embryonic parts before 
any blood has been formed. Everybody is familiar with the 
pigmentation of the egg of Batracians and other animals. In 
the case of the frog for instance, pigment goes on being produced freely 
from the first until a complete circulatory apparatus has been formed 
and circulation established, and then the pigmentation which at first 
was general becomes more and more localised. Struck by this fact I 
looked for previous observations and found that Beaunis had already 
noticed that in the embryo of the pike black pigment can be seen 
to form in a few minutes on the umbilical vesicle in the form of 
stellate cells anastomosing with each other by their processes. (Beau- 
nis, Nouveaux Elements de Physiologie, 2nd ed. 1881, p. 377.) 
Beaunis however does not seem to have realised the importance of 
that fact, 

(2) It is not only in the embryo that such phenomena occur. 
In the adult, parts removed from all blood vessels, such as the 
Crystalline lens, may become deeply pigmented owing to the 
presence of a pigment resembling much if not identical with melanin 
(black cataract). De Graefe under the influence of the current 
notions has tried to explain this coloration by admitting the previous 
existences of intraocular haemorrhages, but this seems to me a very 
improbable explanation. Dr Copeman from the study of the subject 
has come to the conclusion that the substance causing the black 


coloration of the crystalline lens is melanin or a substance allied to it, 


and he has been specially struck by the entire absence of pigmentation 
of any of the surrounding media. I am much indebted to him for 
allowing me the use of this observation of his in support’ of my 
views. 

(3) The amount of melanin in the epidermis is not 
proportional to the amount of blood circulating through or 
extravasated in the subjacent tissues, Melanin is not produced 
in the epidermis when the circulation of the skin is bad or in abeyance, 
this is seen in the case of scars even in Addison’s disease, this is due 
simply to the fact that epithelium like other tissues of the body 
receives most of its nourishment through the blood and lymph. An 
excessive accumulation of blood under the skin (as in alcoholic con- 
gestion) is not in itself followed by excessive pigmentation of the 
epidermis except when the epidermis is itself stimulated as shown 
above, whilst stimulation of the epidermis without congestion does, 
as I have already proved (in the case of arsenical pigmentation for 
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instance), bring about pigmentation. Moreover, in cases of cutaneous 
melanosis, where pigment accumulates not only in the epidermis but 
also in the cutis vera, there is no evidence of the amount of pigment 
being proportional to the amount of blood found in the parts pigmented. 
It is well known that in subcutaneous haemorrhages the pigmentation 
of the epidermis is seldom a noticeable feature although there is a 
large amount of blood pigment present in the skin. | 

All these facts seem to me to point clearly to the conclusion that 
Melanin is elaborated in certain epithelial cells like other 
products of glandular activity out of plasma and is not a 
derivative of haemoglobin. 

V. I next looked for some facts indicating the fate of the 
melanin thus formed. 

(1) When a large amount of melanin is produced as in 
the most pigmented parts of the skin of the negro or when the skin 
is irritated up to a certain degree some of the melanin passes into 
the superficial layers of the epidermis, but even under such 
circumstances only a small portion of the pigment reaches the 
surface. 

(2) When the production of melanin is excessive as in an 
irritated nipple or scrotum, or any part of the skin stimulated by 
arsenic or otherwise, the pigment does not only accumulate in the 
rete malpighii but is also found in the lymphatics of the corium. 
This fact, which I have often observed, has recently been noticed 
by Dr Wyss in Switzerland, who having two cases of arsenical 
melanosis under his care has examined their skin with the result 
just mentioned, he attributes this pigmentation to the breaking down 


of haemoglobin under the influence of arsenious acid, a view which I 


do not endorse. Mr Spencer tells me he has lately observed the 
passage of pigment from the epidermic into the cutis. 

(3) When the production of melanin is normal or excessive 
and the lymphatics of the skin become obstructed partly or 
completely, melanin may accumulate in the lymphatic spaces 
existing between the point of obstruction and the epidermis 
so as to produce a natural injection of all these spaces, 
In such a case the connective tissue corpuscles, fixed or wandering, 
take up the precipitated pigment and become pigmented themselves. 

I have collected a number of cases in which I have obtained these 
facts, e. g.: 


(a) Subcutaneous epithelial tumours or connective 
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tissue tumours congested or not causing accumulation of pigment 
in the corium remaining between them and the epidermis. 

(6) Leprous tubercles with obstruction of lymphatics 
by bacilli and their products, increased pigmentation of the rete 
malpighii and sometimes of the subepithelial lymphatics. 

(c) Tuberculosis of the skin, tubercular nodules and increase 
of fibrous tissue obstructing lymphatics, same results as above. 

(d) Syphilitic gummata of the skin, pigmentation of the 
epidermis over them. 

(e) Margin of ulcers, irritation of epidermis, cicatricial 
contraction of corium, accumulation of pigment in epidermis and 
cutis, but not where epithelium was absent or very thin and 
newly formed or atrophied. 

Nipple constricted as its basis by cicatricial con- 
traction due to irritation of galactophorus ducts—accumulation of 
pigment in the arc of papillae, etc. etc. 

I need not say that I have been careful to test chemically the 
pigment thus deposited and to make sure that it was not simply some 
blood pigment. 

It seemed therefore to me reasonable to suppose that a substance 
is elaborated by the deep layers of the rete malpighii either 
continuously or intermittently, which substance may yield a 
pigmented precipitate known under the name of melanin. 
This substance under normal circumstances may pass back 
directly into the lymphatics or else after being precipitated 
and stored up as melanin may be redissolved or form a 
soluble combination which is absorbed by the lymphatics of 
the true skin. | 

Under normal circumstances this process is not visible, but when 
the soluble product accumulates for some reason or other in the 
lymphatics, then a precipitate may take place in these channels indicating 
the course followed by the soluble product, Melanin is sometimes 
present in lymphatic glands, and under certain circumstances an abund- 
ant deposition of melanin may be observed in internal organs. This is 
generally preceded by melanosis of the skin or choroid. Sarcomata 
of the liver, bones and parotid are sometimes deeply infiltrated with 
melanin. 

The composition of melanin and its properties are so imperfectly 
known that much work will have to be done before accurate experi- 
mental data can be collated. Pathological lesions however work out 
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physiological experiments of much greater delicacy than those carried 
out by instrumental methods, and by excluding, as I have done, 
the specific action of certain processes by comparing the 
results of their action with those of totally different pro- 
cesses acting mechanically in the same way, I feel confident 
that my conclusions will stand the test of further experience. 


I have avoided detailing any special observation in this preliminary 


communication, this I will do on some future occasion. I may state 
however that I have found in a remarkable case of melanosis of the 
skin proof of : 

(1) The formation of melee. in irritated epithelial cells. 

(2) The formation of melanin on the side of the cell exposed to 
light, to a greater extent than on the opposite side. : 

(3) The formation of a semi-fluid or fluid substance assuming the 
colour of melanin in some of the most active epithelial cells. 

(4) The passage of melanin between epithelial cells, and the 
connection of the tracts thus produced with the most superficial 
lymphatic spaces infiltrated with melanin. (This not — place 
through leucocytes.) 

(5) The direct proportion existing between the amount of melanin 
produced and the degree of irritation of the epidermis. 

Note. (1) Excessive stimulation of the epidermis does not 
necessarily lead to accumulation of melanin in the epithelial cells, 
although it may produce great accumulation of melanin under the 
epithelium. 

(2) Moderate stimulation of the epithelium produces accumula- 
tion of melanin both in the epidermis and in the cutis. 

(3) The pigmentation of the medulla of hair shows the same 
changes as the rete malpighii. (This see of the subject has been 
excluded on purpose.) 

VI. Conclusion. From . 8 ly venture to advance that : 

(1) Melanin is not derived from haemoglobin. 

(2) Melanin is constantly or intermittently elaborated 
in the deep layers of the epidermis (in the medulla of hairs and in other 
epithelial structures). 

(3) An antecedent, a variety, or a derivative of melanin is con- 
stantly or intermittently passing from the deep layers of 
the epidermis into the lymphatics of the skin. | 

(4) This function has probably an important connection wake 
the production of haemoglobin. 
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VII. Corollaries. (1) If melanin be constantly produced, it may 
under certain circumstances accumulate either from actual over- 
production, deficient assimilation or obstruction of channels 
conveying it. This would account for melanosis of the skin, of the 
lymphatics and of glands such as liver and paratid. 

(2) We may by analogy with other similar phenomena suppose 
that it might become stored up in certain parts of the body. 
This might give the explanation of the chromatoblasts of fishes, 
batracians and reptiles, cells which are perhaps represented in higher 
vertebrata by the pigmented cells found in connection with the nervous 
system. These cells would be to pigment what adipose cells are 
to fat. 

(3) The production of pigment in the skin should be 
limited by the accumulation of precipitated melanin in the 
rete malpighii. Otherwise there would be an accumulation of melanin 
in the lymphatics of the skin of the negro as in the case of arsenical 
melanosis, This however is not the case. It is therefore evident that 
the accumulation of melanin in the cells of the superficial layers of the 
rete malpighii must diminish the intensity of the light reaching the 
deepest and most active parts of that portion of the epidermis, and 
therefore regulate the amount of the normal stimulus of acting on 
those cells. 


4. C. S. SHERRINGTON :—Demonstration of preparations from the 
mammalian spinal cord exhibiting various ganglion-cells in the white 
matter of the anterior, the lateral, and the extero-posterior columns 
respectively, many of them far removed from the proximity of the 
grey matter of the cord. The cells in the posterior column occurred 
exclusively upon bundles of fibres of the posterior nerve-roots, and 
resembled in appearance the cells of Clarke’s column. 
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CHARING Cross HospitaL. January 17. 


DR KLEIN showed cultivations of tubercle bacilli in alkaline beef- 
broth to which a piece of boiled white of egg had been added. In this 
medium the tubercle bacilli grows as well and as copiously as on 
Roux’s glycerine Agar. While in the early cultures, i.e, those not far 
removed from the original source, the virulence of the bacilli is very 
considerable, by continued subcultures in glycerine Agar as also in broth 
egg albumen they gradually lose all virulence; a subculture represent- 
ing the 15th or 16th remove produces on subcutaneous inoculation into 
guinea-pigs a swelling of the nearest lymph glands, which undergo 
caseation and suppuration, but are not followed by any further develop- 
ment of tubercle in the viscera. Such animals tested after some months 
prove themselves in no way refractory to general tuberculosis when 
inoculated with bovine tubercular matter. In all cultures, even after 
they had lost all virulence, the bacilli do not differ from the bacilli of 
virulent cultures as regards shape, size and staining power, just like 
typical virulent bacilli they retain the fuchsin staining after treatment 
with 33 p.c. nitric acid, 
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Microscopic specimens and cultivations were shown of the bacillus - 
of grouse disease. In the grouse dying in the spring epidemic the 
bacilli are as a rule absent from the blood of the heart, but are present 
in very large numbers in the blood capillaries of the lung and liver, in 
which they form extensive plugging of the capillary blood vessels; but 
in the autumn epidemic, in the great majority of the grouse dying of the 
disease, the blood of the heart contains the bacilli in enormous numbers 
and injure culture, as is proved by plate cultivation. While the bacilli 
cultivated from the lung or liver of grouse of the spring epidemic act 
very virulently on mice, guinea-pigs and yellow hammers, those of the 
blood of grouse in the autumn epidemic act much less virulently on 
hammers, and have only aslight and transitory effect on mice and guinea- 
pigs. Neither the spring epidemic—nor autumn epidemic—bacilli act 
on rabbits, fowls, or pigeons. The spring bacilli retain their virulence 
unaltered through many generations, until now through more than 
twenty generations. If mice are inoculated with cultures of heart’s 
blood of grouse dead in the autumn epidemic, most of them recover as 
a rule already in a few days, and when afterwards inoculated with 
virulent spring epidemic bacilli prove themselves refractory. The 
epidemic existing amongst the grouse in the spring (April till June) 
is of a much more virulent type than that existing in the autumn 
(August till November). 

Dr Klein showed cultivations of choleraic comma bacilli derived 
from cultures sent by Dr D. D. Cunningham of Calcutta, which prove 
that in acute typical cases of cholera there occur comma bacilli which 
in a general way in cultivations (plate-cultures, gelatine stab-cultures, 
and Agar-cultures) correspond with Koch’s cholera bacilli, but on 
comparison in gelatine and particularly on potato cultures as also in 
stained cover glass specimens belong to several distinct species. They 
were all derived from the mucus flakes of the ileum of typical cases of 
Asiatic cholera, and each one of the different cases yielded one single 
species. While all show more or less the characters of Koch’s comma 
bacilli in plate cultivations, in stab-cultures in gelatine and on Agar, they 
nevertheless show already in these slight but well-marked differences as 
regards rapidity of growth and rapidity of liquefying the gelatine ; but 
on potato the differences are very striking, inasmuch as some form a 
thin white film, others a pale yellow growth, others an orange-coloured 
growth, and still in others the growth has a distinct pink colour. The 
differences as regards rapidity of growth, rapidity of liquefying the 
gelatine and the different colour the growth assumes on potato were 


4 

‘ 


SOCIETY, JANUARY 17, 1891. iii 


observed with great constancy from the first cultures (directly derived 
from the cholera intestine) till now through more than twenty genera- 
tions. There are also well-marked and constant morphological differ- 
ences to be noticed, consisting in the different size (thickness and 
length) of the comma bacilli, in the rapidity with which they grow into 
spiral or wavy threads in gelatine cultures, and in their manner of 
staining. 


Dr Frepk. W. Morr made the following communication :— 

Last year, I was engaged in investigating the connections of Clarke's 
Column, and I made three hemisections at different levels in the dorsal 
region. 

It was surprising to find that the resulting sensory disturbance in no 
way agreed with the accepted doctrines which had their foundation in 
the experiments of Brown-Séquard and Ferrier, supported in a 
measure by those of Miescher, Ludwig and Woroschiloff. 

The three monkeys operated upon were exhibited at a meeting of 
the Physiological Society held at University College, when the animals 
were tested by various members of the Society. Sections of the spinal“ 
cords of two of those animals were shown at the Neurological Society. 

Since then Dr Ferrier has published an account of a section of 
the lateral column in two monkeys stating that sensation remained 
on the side of the lesion. 

I gave an account of the results of my experiments upon the 
above-mentioned animals at the Berlin International Medical Congress. 
Further experiments carried out in the Physiological Laboratory of 
University College entirely confirm the previous observations, 

Rhesus monkeys were used, with one exception (a Bonnet) The 
animal was anezsthetised with chloroform or ether. The operations 
were performed with strict antiseptic precautions and in every case the 
wound healed by first intention, which was of great importance for the 
success of the experiment. In two cases a collection of cerebro-spinal 
fluid had to be withdrawn by a puncture and the paraplegia occasioned 
by the compression was speedily relieved thereby. 

The following is a summary of the results of these investiga- 
tions. 


— 


The third spinal cord was useless, the post-mortem not having been made soon 
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I. Sensory disturbances. 


1. Testing by pricking with a needle. Monkeys are not readily 
excited by this mode of stimulus, except in certain situations, e.g. the 
root of the tail. Response to this form of stimulation was invariably 
evoked on both sides, but it seemed as a rule to be more readily evoked 
by pricking the non-paralysed side. In one case (a large Rhesus 
monkey) there was almost complete analgesia to this form of stimulus, 
on the paralysed side, and this fact was demonstrated at the last meeting 
of the Physiol. Soc. As a probable cause of this it may be mentioned 
that in this animal I made three hemisections, in the mid dorsal region 
of the right side at a distance of about 1 m.m. apart. In two other 
cases, in which I believe the injury was more severe than usual, there 
was hypersthesia to this form of stimulus on the same side. 


2. Testing by heat. Upon dipping the toes into hot water, the 
animal showed signs of feeling on both sides. Usually it required a 
longer duration of the stimulus on the paralysed side. Upon touching, 
the foot with a test tube containing hot water, the same result was 
obtained. 

When pricked or touched with the hot test tube, the animal would 
rub or scratch the part on the non-paralysed side, but for some days or 
weeks after the operation it made futile attempts on the paralysed side, 
as if its sense of localisation was lost. 

3. Clamp test. At Mr Horsley’s suggestion I tried Schiff's 
clamp test, and the results quite agree with the foregoing. A pair of 
clamp forceps, when fixed upon the skin of the foot of the non-paralysed 
side is immediately removed by the monkey, whereas they may be left 
on the paralysed foot for any length of time. Five animals have been 
tried in this way, always with the same results. 

In testing the sensibility of these animals I have endeavoured not 
to let them see me apply the stimulus, their attention being attracted — 
by my assistant with apples and raisins. This is necessary, or else 
the monkey, knowing that the paralysed leg has lost its tactile sensi- 
bility, will use his other senses to protect it. 

In several instances the animal was placed under an anesthetic, and 
a pair of forceps attached to the sole of each foot. When it came to, 
the forceps was immediately removed from the non-paralysed side, but 
not from the paralysed. 

It was noticed in one animal, in which the section was made high up 
in the dorsal region, that when the forceps were on the paralysed foot 
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it would draw up the other one, examine it and scratch it several times 
and then give it up. If, however, it was shown the forceps, it would 
immediately remove it. 

Pricking with a needle and the heat test show in some cases a 
diminution of sensibility on both sides, more marked on the paralysed 
side, and in two cases a partial hyperesthesia, but never loss of 
sensation on the opposite side. With the return of movement the 
apparent loss of sensibility disappears. The loss of tactile and pressure 
sensations, together with localisation as afforded by the clamp test, seems 
to persist longer. 

Reflexes. It is difficult to make any definite statement with regard 
to the superficial reflexes. Probably these disappear on the side of 
the lesion for a short time, a few days or more after the operation. 

The knee-jerks are at first abolished, then after some few days 
return, gradually increasing in strength until they are greater than on 
the non-paralysed side. 

Animals anesthetised with ether and allowed gradually to regain 
their cerebral functions were tested as to their knee-jerks. It was 
noticed as a general rule that they were obtained sooner on the non- 


paralysed side. 


II. Return of Movements. 


It may be stated generally, that the more bi-laterally associated a 
movement is, the sooner it returns after hemisection. In one case where 
the operation was performed in the upper cervical region, the pupil of 
the same side remained smaller on the paralysed side for about 24 hours. 
After a few days very little difference could be discovered in the action 
of the respiratory muscles for the two sides of the chest. These are 
typical bi-laterally associated movements. 

It was also noticed in other animals in which the hemisection had 
been made in the upper dorsal region that little or no inequality of 
movement could be observed in the respiratory movements of the two 
sides. In regard to the return of movements in the lower limbs, as a 
general rule the higher the lesion, the sooner the movements return and 
in the following order: Flexion and extension of hip, knee and ankle. 
Onlyslight movements were ever noticed to return in the muscles of the 
hallux and digits. These movements on the side of the lesion were 
associated first with movements of the opposite side, and not until later 
would the animal be able to perform uni-lateral movements of these 
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joints, and then there would be a marked delay in execution, e.g. having 
sprung on to a bar, the moukey would hold on with the non-paralysed 
foot and then somewhat slowly flex hip, knee and ankle on the other 
side. In a fortnight to six weeks, these movements came back again. 
In some cases, after two months, it would require close observation to 
determine which side had been paralysed. It could however be readily 
ascertained by noticing that the animal’s grasp was greatly enfeebled or 
lost on the side of the lesion. 


III. Temperature and Vaso-motor disturbances. 


The two are considered together, because it appears to me that the 
increase of temperature noticed in the skin of the foot of the paralysed 
side is dependent upon paralysis of the vaso-motor nerves of that 


On the side of the lesion (especially if this were made in the lower 
dorsal region) a swelling immediately following the section, with dryness, 
and increased redness of the foot on the same side were noticed. This 
vaso-motor paralysis has generally passed off within a week. 

The Temperature in the popliteal space was for several weeks after 
the operation from 1°—3° lower than on the sound side. This difference 
in temperature persisted as long as the paralysis, but after two months, 
when movements had become well established in the muscles of the 
thigh and leg, the temperature was nearly equal on the two sides. In 
this case, probably the temperature of the muscles was taken. The 
surface temperature of the skin of the foot was higher than that of 
the non-paralysed side by several degrees—all the while there was 
evidence of vaso-motor paralysis. When this had passed off the tem- 
perature on the side of the lesion was lower than that of the other 
foot. 


IV. Resulting Degenerations. 


Examination of the spinal cords after hardening in solution of bi- 
chromate of ammonia and imbedding in celloidin, the sections stained 
by Weigert’s method, show near the point of section almost complete 
destruction of one half of the cord. The gap occasioned by the section, 
which is performed with a fine cataract knife, fills up entirely with 
connective tissue. However, numbers of sections show an absolute 
destruction of the whole of the lateral column, of the anterior horn, 
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and some fibres internal to it, and of the posterior column in great 


Below the lesion, the degeneration is on the same side only, so far 
as I have yet investigated. In the cross-pyramidal tract, which in the 
upper lumbar region extends to the periphery, and in one case where 
the lesion was in the mid-dorsal region, degeneration was observed in 
the border of the anterior root zone. Above the lesion, the degenera- 
tion was found only on the side of the lesion in the following tracts: 
posterior-median, direct cerebellar, and antero-lateral, thus strongly 
corroborating the results of the sensory tests. 

Inasmuch as only three cords have been examined microscopically, 
these results are tentative. 

It should be stated in conclusion that I have performed a second 
hemisection on an animal which had recovered from the first experiment. 
This was followed by complete paralysis. I was unable to decide 
whether the animal was able to feel or not. It died from broncho- 
pneumonia after seven days. 

Moreover, I have commenced a series of stimulation experiments 
upon those animals which have recovered associated movements after 
hemisection. So far I found in three cases that stimulation of the leg-area 
of the side opposite to the lesion evoked movements in both limbs, 
doubtless due to the commissural paths in the brain and spinal cord 
being opened up, therefore offering less resistance to the passage of 
impulses, 

These facts are of very considerable importance in their application 
to diseases affecting the brain and spinal cord in man. It has always 
been taught that uni-lateral compression of the spinal cord in man 
supports Brown-Séquard’s and Ferrier’s teaching, but of the 
58 cases of tumour of the spinal cord collected by Gowers and 
Horsley there were seven more or less uni-lateral ; of these only one 
(Charcot’s case) proves the truth of the statement that all sensory 
fibres decussate on entering the cord. The other six cases are either 
against that view or certainly not in favour of it. With regard to 
Charcot’s case I think the statement of the degenerations noticed 
proves that the compression was oblique, for the posterior columns on 
the anesthetic side were more degenerated than on the side of the 
compression, 

A typical case of uni-lateral compression, which I reported in 
Brain,“ part 38, entirely supports the view that the sensory impulses 
do not pass over to the other side of the cord, 
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The return of associated movements is quite in accordance with the 
experiments of Goltz on the removal of the whole of the cortex of one 
hemisphere of the dog. 

The sensory tests upon two animals were demonstrated at the 
meeting, and sections showing the degenerations were projected upon 
the screen. Messrs Horsley and Gotch related their experiments, 
which entirely accord with these views. 


On cutaneous pigment. Some errata exist in the account of this 
communication by Dr Sheridan Delépine, reported in the last number 
of the Proceedings (No. vi. 1890). Two might give rise to misunder- 
standing, and should be corrected thus :— 


p. xxix. B. (5). Under certain conditions, the nature of which is 
unknown, but which seem to be often connected with imperfect inner- 
vation, the skin may be entirely or in part deprived of — 
(Albinism, Vitiligo, etc.). 

It is therefore evident that whilst stimulation of the skin brings 
about the production of pigment in the epithelium of it, absence of 
stimulation, or imperfect development, of the epithelium are attended 
with diminished production or absence of pigment. 


p. xXxxii. (F). Nipple constricted at its basis by cicatricial eontrac- 
tion due to irritation of galactophorous ducts leading to accumulation 
of pigment in the core of papillae, etc., etc. 
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E. CRooKSHANK AND E. T. HERROUN :—Preliminary communica- 
tion on the chemical properties and physiological effects of the products 
of the Tubercle Bacillus in pure cultivations. 

During the past year one of us has confirmed the experiments of 
Nocard and Roux with regard to the cultivation of the tubercle 
bacillus on glycerine-agar-agar, and in liquid media both with and 
without glycerine. Having succeeded in obtaining such cultivations in 
liquid media in quantity, we were in a position to study the products 
after removal of the bacilli. We proceeded on a line of research which 
has been engaging the attention of bacteriologists for some years. In 
1886—87 Salmon in America produced immunity from hog-cholera by 
the injection of the filtered culture fluids. Charrin, Woodhead 
and Wood, and Blagoveschensky studied the products of bacillus 
pyocyaneus. In a similar way Roux and Chamberland investigated 
malignant edema; Roux symptomatic anthrax; Chantemesse and 
Vidal typhoid fever; and Roux and Yersin, Brieger and Fraenkel, 
diphtheria. In our own country, Wooldridge, Hankin and Martin 
have investigated the products of the growth of the anthrax bacillus. 

We filtered our cultures of the tubercle bacillus through porcelain, 
and obtained on December 5 a clear amber-coloured liquid which gave 
important and suggestive chemical reactions. As this filtrate contained 
the products of the growth of the bacillus most probably in minute 
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quantities, we evaporated at a low temperature over sulphuric acid. 
We obtained after some weeks (Jan. 12) a viscous residue which was 
dissolved in distilled water and tested on the healthy guinea-pig. The 
result was a marked fall of temperature, staring coat, extreme irregu- 
larity of the heart’s action, muscular spasms, loss of control over the 
extremities, and death. 

With the cultures in glycerine-broth, which we now possessed in 
considerable bulk, we next proceeded to isolate pure materials and to 
determine their chemical properties, their physiological effects and, if 
possible, their chemical constitution. We were stimulated, in our en- 
deavour to obtain pure substances from the crude extract, by Koch’s 
announcement three days after our experimental inoculation of the 
toxic extract, that the substance or substances which he had found to 
produce remarkable phenomena in lupus and tuberculosis had been 
obtained from a glycerine extract of pure cultivations of the 
tubercle bacillus. 

A preliminary examination of our glycerine-broth cultivations having 
shown the presence of non-coagulable proteid bodies of the nature of 
albumose and peptone: and a crystallisable precipitate of a remarkable 
character resulting on the addition of iodine, the idea naturally suggested 
itself that the tubercle bacillus might form albumoses and an alkaloid 
or ptomaine similar to the substances isolated by Martin from pure- 
cultivations of the bacillus anthraces. 

Koch, after pointing out that the effective substance in his extract 
could be precipitated by absolute alcohol, states that “for application in 
practice, however, this purification of the glycerine extract offers no 
advantage.” This seemed to indicate that he regarded the isolation of 
the active material in a pure state as superfluous. It appeared to us 
however to be a matter of great scientific interest to determine if 
possible the properties and physiological effects of the separated pro- 
ducts. We accordingly set to work to isolate the ptomaine, of the 
existence of which we had some qualitative indication, and at the same 
time to examine the properties of the albuminous bodies. 

In this endeavour, the general method we found satisfactory was as 
follows. The clear filtrate from the culture was evaporated at 40° C. to 
a very small bulk, and the residue thus obtained was mixed with an 
excess of absolute alcohol which precipitated the albumoses and peptone. 
It was found that by adding the alcohol by degrees a partial separation 
of the albumose from the peptone could be effected, the latter being 
only precipitated when the alcohol was nearly absolute. The precipi- 
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tated albumose was collected on a filter and redissolved in distilled 
water. In another experiment the albumose underwent a second 
precipitation and after washing was again dissolved. 

The alcoholic filtrate from the precipitated albuminous bodies was 
then concentrated at a very gentle heat until a viscous residue was left 
containing the glycerine originally present in the cultivating medium 
and the extractives and products of the bacillus soluble in alcohol. 
With this residue definite reactions of an alkaloidal substance or 
ptomaine were obtained. 

Careful experiments however led us to believe that the whole of the 
ptomaine was not separated from the albuminous precipitate by simple 
addition of alcohol, and we have therefore been led to slightly modify 
the above method. 

By Scheibler’s method applied to the alcoholic residue, it was 
found possible to separate the ptomaine and obtain a solution of it free 
from glycerine and other matters, but the quantity thus treated up to 
the present has been so small that only a few qualitative tests could be 
applied, and as these agreed with those given by the alcoholic residue 
they will be described as referring to both. | 

The ptomaine is soluble in water and alcohol, and sparingly soluble 
in amyl-alcohol, but insoluble in benzene, ether, or chloroform, which 
liquids therefore fail to extract it from aqueous solutions. In its 
aqueous solutions it is distinctly but not strongly alkaline to test-paper. 
Phospho-tungstic acid gives with it a white flocculent precipitate. 
Phosphomolybdic acid gives a pale yellow precipitate, soluble in 
ammonia to a blue solution which becomes colourless on boiling. In 
this respect it resembles the vegetable alkaloids aconitin and atropin. 
It must be remembered however that albuminous bodies are precipi- 
tated by both this and the preceding reagents, and in the case of the 
former a reduction of the phosphomolybdate giving the blue solution 
with ammonia is obtained. 

The reducing power of the ptomaine is shown by the conversion 
after a short time of ferri-cyanide of potassium to ferro-cyanide giving 
the Prussian blue test with ferric chloride, to which much undue im- 
portance was attached by Brouardel and Boutmy. The solution of 
albumose, and solution of peptone are both capable of giving this 
reaction as well as many vegetable alkaloids. A solution of the pto- 
maine is not precipitated by ferro-cyanide of potassium or potassic 
bichromate. 

In strong solutions it yields precipitates with platinic chloride 
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(yellow), gold chloride (pale yellow) and mercuric chloride (white). 
That yielded by the first of these reagents is granular in character and 
quite insoluble in alcohol, though apparently soluble in water. It is 
hoped that this compound if obtained in quantity may be made to 
yield quantitative results as to its composition. The precipitation by 
gold chloride excludes amides and ammonium salts. 

With iodine in hydriodic acid or potassic iodide a precipitate is 
obtained which is occasionally crystalline, more often granular or amor- 
phous. 

This precipitate is soluble in alcohol and is redeposited when the 
alcohol is evaporated. On heating it is redissolved into oily drops of a 
dark colour. With picric acid a granular precipitate is obtained which 
under the microscope is seen to consist of minute crystals. This pre- 
cipitate on standing is converted into rounded crystalline masses with 
numerous small crystals admixed. 

The ptomaine appears to be easily broken up by heating, especially 
in the presence of mineral acids or of baryta. The actual quantity 
obtained from a considerable amount of culture fluid was very small, 
and, thinking that if the bacillus were grown in a medium richer in 
albumen, such as the animal body, more of these products might be 
formed, we examined in a similar manner the liquid obtained by ex- 
tracting large masses of tubercular growths from cases of perlsucht. In 
this extract after filtration through porcelain we obtained an albumose 
and minute quantities of a ptomaine, which in reactions was identical 
with that obtained from the artificial cultivation of the bacillus, but 
present in even smaller amount. The probable explanation of this is, 
that in tle living animal the ptomaine is constantly being removed; or 
it may indicate that it is only formed in minute quantity under those 
conditions, 

Reflecting upon the fact that the tubercle bacillus would be destroyed 
in the process of extraction of its products, we have employed a further 
modification of the methods which we have described by dispensing with 
the tedious process of filtration through porcelain, and thus the copious 
deposit of the cultivated organism is also submitted to the process of 
extraction. We are now endeavouring to cultivate the bacillus in media 
richer in albumen prepared from white of egg. 

Having succeeded in obtaining the albumose and the ptomaine in 
separate solutions, we next proceeded to ascertain the effects of these 
substances upon healthy and tubercular guinea-pigs. Our experiments 
so far have given the following results. 
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Experiment A. A tubercular guinea-pig was injected hypodermi- 
cally with 5 gramme of the ptomaine obtained from the glycerine-broth 
cultivations. The temperature before injection was 993 F. and sub- 
sequently at intervals of an hour 101°, 102}, 102, 1034, 1014. While 
the tubercular glands were only slightly increased in size, they became 
distinctly indurated and painful. 

Eaperiment B. A second tubercular guinea-pig was injected with 
the same dose of ptomaine from another series of broth cultivations. 
The temperature before injection was 103, and subsequently 104, 1033, 
1054, 1044, 1033. In this case also there was distinct enlargement of 
the tubercular glands. 

Eaperiment C. A tubercular guinea-pig received 5 gramme of the 
ptomaine isolated from tubercular tissue (perlsucht). The temperature 
before inoculation was 102%, and subsequently 101%, 1014, 1014. Prac- 
tically the result was negative; there was indication of a slight lowering 
of temperature but no alteration in the tubercular glands could be recog- 
nised. Similar experiments were made with the albumose separated 
from the glycerine extract of tubercular tissue and the extract of the 
glycerine-broth cultivations. 

Experiment D. A tubercular guinea-pig was injected with 8 
gramme of a solution of albumose from perlsucht. Temperature before 
injection 1013 F, and afterwards at intervals of an hour 1043, 104}, 
1034, 102%. The glands were distinctly enlarged and the rise in tem- 
perature in this case was very striking. 

Experiment E. A tubercular guinea-pig injected with 1 gramme 
of the solution of albumose separated from pure cultivations of the 
bacillus in glycerine-broth. The temperature before inoculation was 
100% and the subsequent hourly temperature 1034, 108%, 104%, 1024, 

102}. 

Experiment F. Another tubercular guinea-pig received the same 
dose of albumose. The temperature before injection was 102 and the 
subsequent hourly temperature 1034, 103, 103%, 103%, 1022. In both 
this and the previous case there was a visible effect shortly after inocu- 
lation and in guinea-pig E a fatal result was anticipated, but the animal 
recovered. In both cases the tubercular glands were distinctly affected. 

To sum up, the effect of the ptomaine isolated from different series 
of cultures was as follows. A rise of temperature occurred in tubercular 
animals and a slight indication of a depression of temperature or hypo- 
thermic effect on healthy animals. The albumose, whether obtained 
from pure cultivations of the bacillus or from tubercular tissue, produced 
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a marked rise of temperature in tubercular guinea-pigs. On the other 
hand, in the one experiment on a healthy guinea-pig there was an 
equally well-marked fall of temperature. Whether this result is con- 
stant can only be determined by repeated experiments. The effect upon 
the tubercular glands in the cases associated with marked rise of 
temperature was to render them well-defined, indurated and painful, 
rather than any considerable increase in volume. 

It is interesting to compare these results with those obtained after 
the injection of tubercular guinea-pigs with centigramme doses of Koc h’s 
fluid. Until Koch, however, has published the mode of preparation 
of the substance or substances used in his anti-tubercular treatment, it 
must not be concluded that our researches are necessarily upon exactly 
the same lines, Koch has stated that his liquid is a “glycerine extract 
of pure-cultivations of the tubercle bacillus”, and without further details 
it is impossible to interpret the exact meaning of this expression; and 
it does not necessarily follow, however probable it may be, that our 
extract of glycerine-broth cultivations or the substances isolated there- 
from would produce exactly similar results to Koch’s fluid. 


J. S. HALDANE and J. Lorrain Sir communicated the results of 
a series of experiments upon the supposed presence of a toxic substance 
in respired air. 


W. D. HAtiisurton reported the following results of a research 
into the Proteids of nervous tissues. The proteids present were all 
globulins similar to those previously described by him as obtainable 
from other cellular organs. The most abundant of these in grey matter, 
somewhat similar in its reactions to myosinogen, is absent in white 
matter. The amount of water in nervous structures is proportional to 
the amount of grey matter present. Of the solids, proteid is a very 
abundant constituent, and this again varies directly with the amount of 
grey matter. These facts are illustrated by tables of quantitative 
analyses which will soon be ready for publication, when also the methods 
adopted will be described. 


C. J. Martin demonstrated a form of recording water-manometer 
designed for observations upon venous pressures. 
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F. W. Mort exhibited a modified pattern of the Du-Bois Rey- 
mond inductorium, in which the rate of interruption is capable of vari- 
ation by adjustment of a weight along an upright rod attached to the 
automatic hammer. 


Messrs BopEN and Sprawson shewed sections illustrating the 
structure of the pigment layer of the retina. These demonstrated that 
while the majority of the cells are hexagonal as described by Max 
Schultze, a considerable minority are not, the angles varying with 
the size of the cell from four to eleven. 
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Sypney Rineer, F.R.S. :—Like Haycraft and Duggan, I find that 
dilute egg-albumen does not clot on being heated and only becomes a 
little milky. 

It clots however readily if a calcium salt is added, the coagulation 
temperature depending on the amount of calcium salt present. 

Whilst the temperature at which the solution becomes particulate 
varies greatly with different quantities of a calcium salt, the tempera- 
ture at which the solution becomes cloudy is but little influenced by 
different quantities of calcium salt. 

Barium chloride and magnesium chloride act like calcium chloride. 

Dilute egg-albumen heated to boiling point is converted into alkali - 
albumen and then is much more readily coagulated by a calcium salt. 
With moderately large doses it clots quickly at the temperature of the 
room, but with smaller quantities it may take hours or days to clot or 
become particulate. When heated in a water bath the solution becomes 
particulate at a much lower temperature than unboiled dilute egg- 
albumen. 

With small quantities of calcium salt, on boiling the solution becomes 
like boiled starch, thick and viscid and not particulate, or very slightly 
particulate. If the solution is poured in a filter the fluid passes through 
quite clear and free from proteid matter. If the viscid substance left 
on the filter is mixed with distilled water and well shaken, it readily 
becomes suspended and is non-particulate. If two portions are taken 
and to one a little calcium chloride is added, on heating the two solu- 
tions in a water bath, that to which calcium chloride is added becomes 
particulate, then on further raising the temperature the particles cohere 
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and form a clot and this clot slowly and considerably contracts and 
floats in a clear fluid which contains only a trace of proteid matter. 
The solution in the other test tube remains unchanged even after the 
lapse of several hours. 

If dilute egg-albumen is boiled a short time with a small quantity 
of sodium bicarbonate, it reacts in the same way with calcium chloride, 
but on heating to boiling point the clots greatly contract. 

Egg-albumen boiled with caustic soda, if the solution is neutralized, 
behaves similarly with calcium chloride. 

By the action of heat and calcium chloride the solution at first 
becomes milky, then fine particles appear; these aggregate into larger 

icles and these cohere to form a clot. The clot next slowly con- 

eaving the bottom and sides of the test tube, and at last a small 
clot remains floating in a clear fluid. 

The clot behaves and has the appearance of a clot produced in milk 
by rennet and also is much like a fibrin clot formed in diluted blood. 


Dr BRADFORD made a preliminary communication concerning the 
effects of removal of portions of the kidneys in dogs on nitrogenous 
metaboligm. The animals were fed on a known diet, and the amount 
of urine and urea excreted daily, was determined. In the later experi- 
ments the total Nitrogen of the injesta and excreta was determined 
by Kjeldhal’s method. These data having been obtained, one kidney 
was exposed, and a wedge-shaped fragment removed with all antiseptic 
precautions. In all cases the fragment removed was of such a size that 
the pelvis of the kidney was laid open. The weight of kidney substance 
removed varied in different cases from 5 grms. to 15 grms. The 
hemorrhage of the kidney was arrested by ligature of vessels and 
pressure ; then the kidney wound was closed by the insertion of deep 
and superficial sutures. The kidney wound heals by the first intention, 
a remarkably fine and linear scar resulting, in no case was the opera- 
tion followed by any urinary fistula, etc. The urine contains blood 
for a variable time after the operation, not longer than a week, and if 
the bleeding has been successfully arrested at the time of operation, 
for not more than two or three days. In the great majority of cases, no 
ill effects follow this procedure after the first week or 10 days. The 
animal eats well and regains its former weight (the appetite failing 
for the first few days after the operation). The normal temperature 
is maintained, and the urinary secretion either remains unaltered, or 
else there is a slight increase in the amount of water and urea elimi- 
nated. In one case however death resulted a month after the operation 
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and the kidney was found to have become greatly atrophied, but on 
microscopical examination no cirrhosis or any evidence of a vascular 
lesion was detected, the atrophy apparently being a true one. 

At intervals varying from a fortnight to six weeks after the Ist 
operation the entire second kidney was removed, thus leaving the 
animal with a fragment of kidney, varying in size as the total amount 
of renal substance present. After this 2nd operation, if the fragment 
removed at the Ist operation is large, so that about } of the total 
kidney weight has been removed, the animal rapidly emaciates and 
dies, although still eating moderate quantities of meat, and pari passu 
with the emaciation, there is a great increase in the quantity of urine 
secreted and also in the urea. The daily quantity of urine is doubled 
or even trebled, the urea increase is also very considerable ; thus in one 
case it rose from a daily output of 4 grms. to 9 grms., in another from 9 
grins. to 16, and in a third from 8 to 13. No sugar or albumin is 
present in the urine. The increased excretion of urea continues to with- 
in a few days of death. With emaciation and increased output of urea 
the bodily temperature falls from 102° F. to 100° F. or even 99°F. Death 
supervenes at varying periods, sometimes as soon as a fortnight after 
the 2nd operation, occasionally not until six weeks, At a time when 
there is increased output of urea in the urine, analyses of the blood, 
muscles, liver and brain, show that all these contain quantities of urea 
largely in excess of the normal. The quantity in the blood for instance 
may be quadrupled. No marked changes are found post mortem, 


except the extreme emaciation, disappearance of fat, etc. In all cases the 


fragment of kidney found was distinctly atrophied, i.e. the fragment 
removed at the Ist operation was decidedly larger in section than the 
piece found post mortem. No coarse histological change such as 
cirrhosis is present, although in the immediate proximity of the scar the 
cortex has undergone a slight cirrhotic change, but this is quite local 
and is not found even at a very small distance from the scar. 

All these results do not ensue if the fragment removed at the 
Ist operation is small, so that less than about } of the whole kidney 
weight is removed at both operations. Under these circumstances the 
2nd operation is followed by a condition of Hydruria, the increase in 
the quantity of water is considerable but there is scarcely any increase 


in urea, and the emaciation is very slight. Death does not occur 


after short periods such as from a fortnight to six weeks; e.g. some 
have lived three months. It is doubtful however whether life would be 


‘maintained long, as there is always some slight emaciation and the 


appetite may fail slightly. In conclusion—removal of large quantities 
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of kidney substance is followed by an increased formation of urea in 
the body, without any evidence of previous retention or partial failure 
of elimination. This increased formation is accompanied by extreme 


emaciation, although no great failure of appetite occurs until the last 


few days of life, and it is accompanied by a fall in the body tempe- 
rature. 

The portions removed and microscopical preparations of the frag- 
ments found post mortem were exhibited to the Society. It is hoped 
to bring before the Society at a future date some further results 
recently obtained which tend to throw some light on the cause of the 
above phenomena. 

A very large number of control analyses of blood, tissues, etc., and 
the urine on given diets in normal dogs, have been made in order to 
compare them with those of the dogs experimented on. 


W. M. Bayuiss AvD Ernest H. Star_ine :—On the electromotive 
phenomena of the mammalian heart. 

The method of experiment was as follows. The animal being 
anaesthetised, artificial respiration was set up, the chest opened, and 
the pericardium opened and stitched to the chest wall. Two points of 
the surface of the ventricle were then lead off to the terminals of a 
capillary electrometer in an adjoining dark room. The excursions of 
the capillary were registered on a moving photographic plate. 

Results. Normally, using warmed air in respiration and leading off 
base and apex of the ventricle, each beat of the beart is accompanied 
by a diphasic variation, shewing a wave of negativity, starting at the 
base and travelling down to the apex. This is also the case in the 
excised heart, if it is removed quickly into a warm moist chamber. 

We have found that this variation is very much altered by slight 
changes of temperature of the different parts of the heart’s surface. If 
cold air be used in respiration (which of course cools the base of the 
heart), it is found that the variation changes, passing through a triphasic 
(base, apex, base,—negativity) to a diphasic condition in which apex 
negativity precedes base negativity. The variation can be brought 
back to its original condition by again using warmed air to inflate the 
lungs. 

It is possible by stimulating any part of the heart's surface with 
induction shocks repeated at the rate of about three per second, to in- 
duce an artificial rhythm in the cardiac contractions. We have taken 
advantage of this fact to estimate the latent period of stimulation of 
different parts of the heart’s surface. 
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The latent period of stimulation of the auricles or ventricles is less 
than +4, of a second. 

On stimulating the auricles and leading off the base and apex of the 
ventricles to the capillary, there is a period of about 13 seconds after 
the auricular stimulation before there is any change in the electrical 
condition of the ventricles. This period varies very slightly, whether 
we stimulate the auricles close to the auriculo-ventricular groove, or at 
the tip of one of the auricular appendices, shewing that the greater 
part of the time is taken up in the propagation of the excitatory change 
from auricles to ventricles across the auriculo-ventricular groove. 

(Photographs shewing the variation under different conditions were 
shown at the meeting.) 


W. D. HAaLiipurton showed a specimen of morbid urine which was 
of a deep brownish red colour, which contained no proteid, sugar, blood, 
or bile, but when examined spectroscopically showed an absorption 
spectrum very like that of MacMunn’s urohaematoporphyrin. On 
the addition of a drop of sulphuric acid it gave immediately the 
spectrum of acid haematoporphyrin; on the addition of a drop of 
ammonia, the spectrum of alkaline haematoporphyrin appeared. A 
considerable quantity of normal urobilin was also present. This speci- 
men was thus almost precisely identical with one shown to this society 
by Dr Mac Munn on June 28th, 1890. 

The patient from whom the urine was obtained has been under the 
care of Dr Blandford, and more recently under that of Dr Alliott, of 
Sevenoaks. The urine was sent to Dr Halliburton by Dr J. E. 
Blomfield, of Sevenoaks (Dr Alliott’s partner). The case is that of 
a lady, aet. 30, who has been suffering from melancholic monomania 
for more than a year. She has been passing the high coloured urine 
for about seven weeks. She has been taking sulphonal since November. 
Salkowski is inclined to consider that the extensive blood destruction 
of which haematoporphyrinuria is a sign is due to sulphonal; he, how- 
ever, admits that sulphonal does not always produce this condition. 
Moreover the few hitherto recorded cases have not been all dosed with 
this drug. So far as clinical details are at present to hand, all these cases 
appear to have been women suffering from some intense neurotic ailment. 

(Compare Mac Munn and Copeman, Proc. Physiol. Soc. 1890, p. 
xiii; MacMunn, Brit. Med. Journal, Jan 3, 1891, p. 7; Ranking and 
Pardington, Lancet, Sept. 20, 1890, p. 607; V. Harley, British Med. 
Journal, Nov. 22, 1890, p. 1169; Salkowski, Centralbl. med. Wiss. 
1891, p. 129.) 
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d. N. Srewart:—Contributions to the Physiology of the Batrachian 
Heart. | 


I. THE INFLUENCE OF TEMPERATURE ON THE ACTIVITY OF THE 
 QARDIAC NERVES IN THE FROG AND TOAD. 


I wish to give here a preliminary account of the chief results of 
the experiments, reserving details and discussion till I have an oppor- 
tunity of illustrating the subject from the large number of tracings in 
my possession. | 

Through the researches of Gaskell and others, we have, within 
the last few years, come to look upon the action of the cardiac nerves 
rather as a direct action upon muscular fibres than as a mediate action 
through nerve cells. The state of the heart itself, and particularly of 
the muscles of the heart, has come to be regarded as the great and 
decisive factor which determines the effect of impulses reaching the 
heart along the cardiac nerves. 

Now, of all the conditions which affect the heart, none can be more 
easily altered than the temperature. The heart of a cold-blooded 
animal is normally subject to great fluctuations of temperature, so that 
for a very great range the conditions are still physiological. Further, 
by altering the temperature it is possible to alter the rate of physio- 
logical change in tolerably strict gradation. It is besides easy to hit 
this and that stage again when it is desired to repeat an observation. 
For these reasons, among others, it seemed desirable to make a syste- 
matic series of observations on the influence of the vagus and sympa- 
thetic nerves on the heart, at temperatures ranging between the 
extreme limits compatible with the life of the tissues. The influence 
of heat is probably a simpler action than that of poisons, at least it 
is an action the first steps of which we seem better to understand ; 
and although it is not an action which can be limited to one tissue, 
for this very reason we can be sure that it affects the tissue which 
we wish most to study, the cardiac muscle. And if it be possible, by 
inference or by direct experiment, to exclude the other factors, the 
reaction of the cardiac muscle at different temperatures to impulses 
reaching it along the cardiac nerves may give us some information 
as to the nature of the process by which these impulses produce their 
effects. I venture to think that the results of the experiments now 
to be described lend considerable support to the view of the action of 
the cardiac nerves with which the name of Gaskell is associated. 

So far as I am aware, no such observations have hitherto been 
made on the batrachian sympathetic. The influence of temperature 
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on the vagus has been studied to some extent by Ludwig and Luch- 
singer’ and others, but only by the method of simple inspection, 
which can give but imperfect information. Since Gaskell’s work on 
the frog and tortoise, it is no longer possible to be content with an 
examination so limited. In my experiments, therefore, the contractions 
of the auricles and ventricle were separately and simultaneously recorded, 
by a modification of Gaskell’s method which made it possible to 
immerse the heart in saline solution, the temperature of which could 
be raised or lowered at pleasure. On the same stand were arranged 
two writing levers, supported in the ordinary way by elastic bands, a 
holder carrying a vertical glass rod with a small pulley fixed to the 
lower end of the rod, which was bent horizontally to receive it, and 
another holder supporting a glass vessel fitted with outflow and over- 
flow tubes. The heart, still in connection with the head and with its 
nerves, was held in a Gaskell’s clamp, the handle of which had a 
vertical elbow, so that the jaws of the clamp could dip inside the 
glass vessel. The pulley was also brought inside the vessel and below 
the clamp. The thread from the ventricle passed round the pulley, 
and was attached to the lower of the two levers, that from the auricle 
being attached to the upper. The salt solution was supplied to the 
vessel containing the heart from a reservoir at a higher level, and the 
temperature desired was reached either gradually or suddenly according 
to the object of the experiment. Great care was taken that the nerve 
trunks should not be reached by the solution, so as to avoid the com- 
plication which an alteration of the excitability of the nerve at the 
‘point of stimulation would cause. In special cases the nerve trunk 
alone was cooled or heated. A series of tracings was also taken with 
the heart in situ and the circulation unbroken. Here, however, the 
clamp could not be used, and the apex of the ventricle was alone 
attached to the lever. By ‘vagus’ is here meant the mixed vago- 
sympathetic trunk, and not the intra-cranial vagus. The difficulty of 
working with the latter, in experiments of any complexity, renders it a 
luxury only within the reach of those who have special experience or 
special skill. Should, however, the future course of the work make it 
as probable that such experiments could be done in sufficient number 
to give data for general statements, as it is certain they would throw 
light upon the subject, I intend to make an attempt in this direction. 


VAGus. 


1. The action of the vagus is very much influenced by the tempe- 
1 Pfliiger’s Archiv, Bd. xxv. 8. 211, 1881. 
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rature of the heart, but in general only quantitatively and not qualita- 
tively. For example, if stimulation of the vagus at a medium tempera- 
ture’ causes, as its primary effect, complete quiescence of the heart, or 
diminishes the size of the beats without causing complete stoppage, or 
only slows the beats; in other words, if the action of the nerve at the 
medium temperature is inhibitory’, in the broad sense of that term, then 
whether the temperature be raised or lowered, the primary action of 
the nerve, when it is active at all, is inhibitory. If, on the other 
hand, the primary action of the nerve, as occasionally happens, is 
augmentor at the medium temperature, it is also augmentor at any 
other temperature at which there is any action at all. It now and 
again is seen that a primary inhibitory action is replaced in the 
course of an experiment by a primary augmentor action, but then it 
is found that, when the heart is again brought to the temperature at 
which the action was originally inhibitory, or tested at any other 
temperature above or below it, the primary action is now augmentor, 
ie. the inhibitory action has been permanently destroyed. Occasion- 
ally in this state of affairs, the primary inhibitory action may be again 
got, if a fresh piece of nerve nearer the heart be stimulated. 

2. As the temperature is lowered from the starting tem- 
perature, the activity of the vagus is diminished, by whatever 
criterion that activity is estimated. 

(a) If a strength of stimulus be chosen which is just sufficient at 
the medium temperature to bring out an effect of any kind, then 
when the temperature is lowered sufficiently this effect will be no 
longer got. 

(b) If at the higher temperature stimulation of the vagus causes 
complete quiescence of the whole heart, then, as the temperature is 
diminished, it is possible with the same strength of stimulus to obtain 
only a diminution in the size of the auricular beats, accompanied at 
first with a diminution in the size of the ventricular beats; but, as 
the temperature is lowered still further, the effect upon the ventricle 
first disappears, and ultimately at a very low temperature (2°C.) no 


1 By this expression or the words ‘starting temperature’ will be meant hereafter the 
temperature of the room, which varied from 11° to 18°C. The exact temperature was 
always recorded. 

2 By ‘inhibition’ in its broadest sense is here understood any state brought about by 
the action of the vagus or by direct stimulation, in which the rate of transformation of 
energy by the heart is diminished, whether the beat is weakened or slowed or stopped. 
By ‘augmentation ’ is understood the converse state in which, as a consequence of stimula- 
tion of the sympathetic or the vagus, the rate of transformation of energy by the heart is 
increased, whether the beat is strengthened or quickened. 
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effect whatever may be caused by the strongest stimulation of the 
vagus. Many cases of vagus standstill can be analysed in this way, 
and shewn to be really examples of ‘ quiescence’ in Gaskell's sense. 

(c) If the primary effect of vagus stimulation at the starting 
temperature be diminution in the size of the auricular beat, accom- 
panied with diminution or cessation of the ventricular beat, then as 
the temperature is lowered, the diminution will become less marked, 
first in the ventricle, then in the auricle, and ultimately no effect 
will be caused in either. 

(d) If the primary effect of vagus stimulation at the starting 
temperature be slowing of the beat without diminution in the ampli- 
tude, as is occasionally seen, this is also the effect at lower temperatures. 
So far as I have had the opportunity to observe, this type of vagus 
action is not changed into any other type, however much the tempera- 
ture may be lowered ; but when the temperature reaches a certain 
limit all effect simply disappears. 

(e) Stimulation of the sinus is generally effective at a lower 
temperature than stimulation of the vagus trunk. Cyon stated that a 
low temperature abolished the inhibitory effect of sinus stimulation, 
but the graphic method shews that at a temperature very little above 
OC. there may be a distinct diminution in the size of the beats, 
although never complete standstill, at least in the clamped heart. 
In the heart in situ, however, I have seen long continued standstill 
caused by stimulation of the sinus, when the heart was surrounded by 


_ ice and after the vagus had ceased to act. 


) If the ventricle alone be cooled complete quiescence of the 
heart may be obtained by stimulation of the vagus at a very low 
temperature, when it is obtained at the starting temperature, and 
cooling of the ventricle may in this case appear not to have affected 
the vagus action on it. But if the vagus effect at the starting tempe- 
rature is only to diminish the amplitude of the auricular beat with 
diminution or cessation of the ventricular beat, then when the ventricle 
alone is cooled it is seen that the vagus action on it is affected, for 
the diminution of the ventricular beat is now less with the lower 
temperature, and ultimately the ventricle may not be at all affected 
by vagus stimulation, while the auricular beats are still diminished. 

3. As the temperature is increased from the. starting 
temperature, the activity of the vagus is increased, what- 
ever effect may be taken as the test of activity. 

(a) If a strength of stimulus be chosen which is just weaker 
than that needed to cause any of the effects of vagus stimulation at 
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the starting temperature, these effects will be caused by it when the 
temperature of the heart is raised. 

(b) If the primary effect at the medium temperature be diminu- 
tion in the amplitude of the beats of the auricle stopping short of 
quiescence or causing only quiescence of the ventricle, then at a 
higher temperature complete quiescence of the whole heart mgy be 
obtained. 

(e) At very high temperatures (30°—40°C.), the vagus is still 
active, and while the heart is beating, however feebly, stimulation of 
the nerve can in general cause standstill. 

(d) Direct stimulation of the sinus, on the other hand, is less 
apt to be followed by inhibitory effects as the temperature is raised, 
and, ultimately, at a temperature considerably above the medium 
temperature, it causes increase in the rate and strength of the beats 
or even an imperfect tetanus. It is possible, without changing the 
strength of the stimulus, to range from a typical inhibition to an 
apparently typical augmentation of the heart beat, merely by raising 
the temperature. So that here the effect of the change of tempe- 
rature is analogous to the action of atropia, so far as direct stimulation 
of the sinus is concerned, but differs in this, that stimulation of the 
vagus trunk still causes primary inhibition. Of course a change of 
motor excitability is bound up with the change of temperature, and 
must play a part in the mixed effect of sinus stimulatio 

4. The secondary augmentation caused by stimulation of 
the vagus is much greater at the higher than at tHe lower 
temperatures. The influence of temperature on this is more marked 
than on any other effect of the vagus. At very low temperatures it is 
but faintly seen, but becomes more and more prominent as the tempe- 
rature is increased, and may be obtained when the heart is on the 
verge of heat standstill. 

5. When the heart has entered into heat standstill stimulation 
of the vagus can still in some cases, particularly where the standstill 
has been obtained at a comparatively low temperature, rouse the 
heart to a series of beats. This confirms an observation made by 
Schelske’ long ago, but which has been contradicted by many writers, 
among others by Eckhard“, A. B. Meyer“, Heidenhain“ Ludwig 


1 Ueber die Vertinderungen der Erregbarkeit durch die Warme, 1860. 


* Experimentalphysiologie d. Nervensystems, 1867, p. 201; Beitrage 2. Anat. u. Physiol. 
1873. 


Das H enervensystem d. Herzens, Berlin, 1869. 
+ Phliiger’s Archiv, Bd. XXVII. p. 383. 
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and Luchsinger’. It has been generally explained as due to direct 
stimulation of the heart by escape of current. Schelske's result 
can no doubt be obtained with great readiness and certainty by 
providing for such an escape, and there are phrases in his description 
of the kind of contractions following stimulation of the vagus which 
make it likely that thorough insulation of the electrodes was not 
always maintained. But I feel convinced that in some cases the 
heart can be brought to beat again as a genuine result of vagus 
stimulation, although not, so far as my experience goes, in more than 
a small proportion of experiments. The explanation I take to be as 
follows. The vagus is known to be active immediately before and 
immediately after the heat standstill, and its secondary augmentor 
effects are often marked in these circumstances. Now, during the 
actual standstill, the only effects which can be seen are the augmentor 
effects (any change in tonicity could hardly be expected to be appre- 
ciable in the overheated heart), and the comparatively long latent 
period between the beginning of stimulation and the beginning of 
the series of beats is just what we should expect, if these beats really 
represented the augmentor part of the vagus effect. Nor is it necessary 
to discuss what part of the augmentation is due to the pure vagus 
action, and what to the sympathetic fibres of the mixed trunk, for, 
as we shall see, stimulation of the sympathetic alone is able to rouse 
the heart from heat standstill; and that with more certainty than 
stimulation of the vagus. Moreover, it is pretty often seen, that when 
the ventricle alone is in the standstill while the auricles continue 
beating, stimulation of the vagus, which produces its ordinary effects 
on the auricles, may rouse the ventricle to contraction,. the beats 
beginning during the time when the auricular beats are augmented. 


SYMPATHETIC. 


The influence of temperature on the activity of the sympathetic is 
even more striking than its influence on the vagus. 

1. When the temperature is diminished below the start- 
ing temperature, the activity of the sympathetic is lessened, 
both as regards the alteration in the size of the beat and 
that in the rate. 

(a) If a strength of stimulus be chosen which is just sufficient to 
cause an effect of either kind at the medium temperature, this will be 
inefficient when the temperature is lowered. At very low temperatures 
(3°—8°C.) the activity of the sympathetic is abolished, even when 
1 Phliiger’s Archiv, Bd. xxv. p. 211. 
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strong stimuli are used, and this generally happens at a higher tempe- 
rature for the ventricle than for the auricle. 

(b) When the vagus on one side and the sympathetic on the other 
are stimulated alternately as the heart is progressively cooled, it is 
found that in general the sympathetic becomes ineffective at a tempe- 
rature for which the vagus is still active. It is astonishing, however, 
at what low temperatures the sympathetic can still shew a distinct 
influence. In one or two cases I have found still a trace of augmentor 
effect at a temperature of 2°°5—3°C., and occasionally it has not 
been possible to say that the sympathetic failed before the vagus, 
although the vagus was never found to fail before the sympathetic. 
On the whole, the difference is too small to enable us, as seemed to 
me possible at first, to eliminate the action of the sympathetic fibres 
in the mixed vagus trunk by cooling the heart. 

(c) Of the two alterations which stimulation of the sympathetic 
may cause in the beat, the increase of rate and the increase of 
amplitude, the former is that which is relatively most prominent at 
low temperatures. But the lower the temperature, the less marked 
is this increase in proportion to the rate of beating before stimulation. 

(d) If, as may sometimes occur, stimulation of the sympathetic 
causes at the medium temperature only .an alteration in the rate 
without any increase in the size of the beat, or with the slight decrease 
in size generally associated in this case with the quicker beat, then 
this type of augmentation is maintained at lower temperatures. 

2. (a) As the temperature is increased from the medium 
temperature, the activity of the sympathetic increases re- 
markably. While this is true both of the increase in the rate and of 
the increase in the amplitude of the beats following stimulation of the 
nerve, the latter effect becomes relatively more marked the higher the 
temperature. This is true even when at the medium temperature the 
chief or sole effect of stimulation is to increase the rate. 

(6) Not only is the sympathetic active when the heart is about to 
go into heat standstill but during the standstill stimulation of it may 
be followed, when the temperature has not been allowed to rise too 
high, by a series of vigorous beats. The same is true of the ventricle 
when it alone is in standstill. 

(c) Sometimes when the heart is at a high temperature and the 
ventricle is beating feebly, stimulation of the sympathetic, while 
greatly increasing the amplitude and to some extent the rate of the 
auricular beats, may cause at the same time diminution in the size of 
the ventricular beats. 
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We thus see that a temperature which is unfavourable to the action 
of one of the nerves is unfavourable to both. When the normal 
changes in the heart are rendered sluggish by cold, it is not only 
less easy to quicken the beat but it is less easy to stop it. When 
these changes are quickened, when the molecular mobility of the 
heart is increased by heat, it is easy for it to slide either into inhibition 
or into augmentation. The more unstable, or rather the more labile, is 
the equilibrium of the heated heart, the more ready is it to yield to the 
determining impulses which reach it along its nerves. 


II. Tae Heat STANDSTILL OF THE HEART. 


This subject has already been studied by various observers, among 
others by Schelske', but notably by Cyon’, Aristow’, and nn 
and Luchsinger*. 

Cyon considered that in certain circumstances the heat standstill 
might be due to stimulation of an inhibitory mechanism. Aristow 
stated in opposition to this that the inhibitory apparatus fails, when 
the heart is heated, sooner than the motor centres, for stimulation of 
the sinus causes not inhibition but increased contraction in the over- 
heated heart. He concluded that the cause of the standstill is paralysis 
of the ganglia, and not inability of the muscle to contract. Ludwig 
and Luchsinger also favoured this view. 

My experiments have yielded the following results, some of which 
are of interest merely as confirming previous observations by a fresh 
method. Others are, so far as I know, new. 

1. The temperature at which heat standstill takes place varies : 

(a) According to the state of the heart and the treatment which it 
has undergone previous to the heating. Fresh hearts require a tempe- 
rature of 32°—40° C., when the immersion is short (I minute and under). 
But an exhausted heart or a heart which has been previously cooled 
may go into standstill at a much lower temperature (20°—30° C.). 

(b) According to the length of exposure to the high temperature. 

(c) According to the part of the heart. The lower the rhythmical 
power of the muscle, the lower is the temperature required to cause 
standstill. Thus, when the whole heart is heated, the ventricle stops 
first, then the auricles, and last of all the sinus. 

2. The standstill, when the heart is not exposed to a constant 
stimulus such as a high endocardiac pressure, is always diastolic. 


1 Op. cit. 
2 Siichsische Berichte, 1866, p. 802; Ludwig's Arbeiten, 1867, p. 118, 
3 Archiv J. (Anat. u.) Physiol., 1879, p. 198. * Op. cit. 
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The contractions get feebler and feebler, and always rise from the base 
line of the relaxed heart. This is well seen when the contractions of 
the auricles and ventricle are separately recorded. The expression 
“heat tetanus” of the heart does not correctly describe what happens. 

3. When the heart is distended with fluid at a high pressure, a 
stage of imperfect “tetanus,” in which a series of rapid small contrac- 
tions is superposed on a tonic contraction, precedes the relaxation into 
diastolic heat standstill. 

4. When the heart apex has been brought to beat rhythmically by 
being distended with salt solution at a high pressure (20—-30 cm.) and 
is then heated, it behaves like the distended heart, but goes into 
standstill in the relaxed position at a lower temperature. The higher 
the pressure, the higher, as a rule, is the temperature at which the apex 
goes into heat standstill. It generally begins to beat again when the 
temperature is reduced, without requiring any external stimulus to 
start it; but occasionally such a stimulus is needed. The entire heart 
begins without fail to beat again when the temperature is reduced, 
unless it has been heated more than is sufficient to produce standstill. 

From these experiments, as well as from other considerations, I 
conclude that the heat standstill is due, neither to stimulation of an 
inhibitory mechanism nor to failure of motor ganglia, but to temporary 
paralysis of the rhythmical power of the muscle, perhaps related to 
the phenomenon known as “local diastole,’ which can be produced by 
local heating, among other ways. 


III. THE INFLUENCE OF ENDOCARDIAC PRESSURE ON THE ACTION 
OF THE VAGUS AND SYMPATHETIC. 


1. Ludwig and Luchsinger’, and Sewall and Donaldson“ have 

shewn, that.if a cannula be tied into the inferior vena cava of a frog 
and connected with a pressure apparatus containing saline solution, the 
vagus, when the pressure is sufficiently increased, loses its power to 
slow or stop the heart. In this condition stimulation of the vagus may 
cause quickening of the beat. I can add that at the time when this 
happens, stimulation of the sympathetic has a similar effect. Not only 
are the beats increased in frequency but the systole of the ventricle is 
strengthened, and that at a time when the distended auricle is standing 
still and gives no sign of being affected by the stimulation, and even 
when direct stimulation of the auricle is followed by no auricular 
contraction but only by increased rapidity of the ventricular beat. 


1 Op. cit. 
Journal of Physiology, Vol. m1. p. 357. 
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One is strongly reminded by this behaviour of a heart under the action 
of a moderate dose of muscarin. The peculiar double beat which 
Sewall and Donaldson describe as following vagus stimulation in 
the distended heart may equally follow stimulation of the sympathetic. 
But it may also occur under quite different conditions. 

2. If, after the heart has been exposed for some time to a high 
endocardiac pressure, say 20—30cm. of saline solution, under which 
the ventricle alone may be continuing to beat, the pressure be suddenly 
lowered, say to 5 em., the heart frequently stops in diastole, The 
standstill continues for some time, and then both auricles and ventricle 
recommence beating, especially if started by direct stimulation, During 
the standstill stimulation of the sympathetic may cause the heart to 
begin beating. Once the rhythm has been started, the heart does not 
seem to relapse into standstill, unless the manoeuvre described is 
again gone through. After the heart has again begun to beat, either 
spontaneously or through stimulation of the sympathetic, a fresh 
excitation of that nerve has been seen to cause a remarkable length- 
ening and strengthening of the ventricular contraction. 


IV. ELECTROMOTIVE CHANGES IN THE HEART CAUSED BY STIMULATION 
OF THE VAGUS AND SYMPATHETIC DURING THE HEAT STANDSTILL 
AND THE STANDSTILL DESCRIBED UNDER III. 


I have looked carefully in both these standstills for effects analogous 
to those observed by Gaskell’ in the quiescent auricle of the tortoise 
on stimulation of the vagus, and in the toad’s ventricle, brought to 
standstill by the application of muscarin to the sinus or by the clamp 
in the auriculo-ventricular groove, on stimulation of the sympathetic. 
Hitherto I have failed to find any change which is not obviously related 
to mechanical changes in the heart. 

1. When the vagus stops the heart just as it is about to go into 
heat standstill, there is of course a movement in the direction indicating 
increased difference of potential between the uninjured surface of the 
ventricle and the injured apex, just as there is when the heart stops 
beating of itself. But stimulation of the vagus, after the heart has 
stopped beating, does not increase this deflection; nor is any effect 
caused by vagus stimulation when the heart is cooling again and just 
before it resumes beating, although the nerve is active as 
mechanical changes just before and just after the heat standstill. 

2. Stimulation of the sympathetic during heat standstill is some- 
times followed by a small movement in the direction of diminished 


Journ. of Physiology, Vols. vit. p. 451 and vim. p. 404. 
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difference of potential between the uninjured ventricular tissue and 
the injured apex, but when this happens, it is followed by electrical 
changes associated with actual beats. And when the heart of itselt 
breaks again into contraction after heat standstill, there is a similar 
prelude, not, so far as I have seen, less marked than when the sympa- 
thetic is stimulated. The conditions are, however, not very favourable 
for the detection of a small effect: 

In the other form of standstill the conditions are still less favourable, 
for the saline solution must short-circuit the current. This could 
perhaps be remedied by using oil. 

The electrical experiments were made during the arctic weather of 
the past winter, and there seems just a possibility, bearing in mind the 
depressing effect of cold on the functions of the cardiac nerves, that 
they might succeed better in summer frogs. None of the observations, 
however, were considered as usable unless the activity of the nerves 
had first been proved by mechanical effects. 

What degree of generality the results of the chief part of the 
investigation, Part I., may have, it is impossible to say. So far as the 
augmentor nerves are concerned, they agree, in the points in which a 
comparison can be made, with the results of Bax t“ on the accelerans in 
the dog. Other materials for comparison are scanty. Lépine and 
Tridon have stated that in the tortoise the action of the vagus persists 
when the heart is cooled, but is abolished when it is heated, returning 
again on cooling; while Ludwig and Luchsinger maintain that it is 
abolished by cooling. Schiff says that in the rabbit heat abolishes the 
vagus action, while Lauder Brunton“ found the vagus still active in 
the rabbit “at a temperature just sufficient to kill the animal.” But 
Brunton’s rabbits were deeply chloralised, and Langendorff* and 
Vulpian“ found that chloral strengthened the vagus action and made 
it more lasting. It is, therefore, uncertain whether Brunton’s result 
was not due to the chloral. 

It is evident, I think, that there is no sort of agreement on the 
subject. In warm-blooded animals the experimental difficulties are 
great. In the case of the tortoise, however, there are no special 
difficulties ; and I intend, as soon as material is forthcoming, to make 
some experiments on the influence of temperature on the vagus. 


“Ueber die Stellung des Nervus vagus zum Nervus accelerans cordis.” Ludwig's 
Arbeiten, 1875. 
2 St Bartholomew's Hosp. Report, 1871, p. 216. 
3 Mittheil. d. Kénigsberger physiol. Lab., 1878. 
Compt. Rend. txxxv1. p. 1303. 
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WILLIAM Marcet, F.R.S.:—The results obtained from the present 
investigation on the interchange of gases in the respiratory process may 
be summed up as follows :— 

(1) The percentage of CO, O and N in the air expired varies 
according to the person under experiment, but in every case the pro- 
portion of each gas remains practically the same up to a period of nearly 
four hours and a half after the mid-day meal, a result I had formerly 
obtained for CO, 

(2) The ratio between the Oxygen consumed and the Carbonic 
Acid produced, varied slightly between the two persons submitted to 
experiment and exhibited a mean of 0870 for two persons and 22 
experiments. 

This is a near approximation to 0°90, the corresponding ratio given 
for rabbits by Messrs Chapman and Brutaker. 

(3) The mean volume of Oxygen absorbed per minute was 
nearly the same (32°2 c. c. and 37°5 c.c.) for the two persons and amounted 
to a total mean of 343 Cc. on 22 experiments. This would be equal to 
2˙94 grammes of Oxygen absorbed per hour. 

(4) The mean volume of Oxygen consumed in relation to the 
air inspired (0°74 and 0°77) varied but slightly in both persons submitted 
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to experiment and amounted to a mean of 0°75 per cent. A similar 
remark applies to the proportions of Oxygen consumed to the Oxygen 
inhaled; the figures are 3°69 per cent. in one case and 3°57 per cent. 
in the other, with a mean of 3°63 per cent. 

(5) The mean weights of Oxygen consumed per hour varied with 
each person submitted to experiment, amounting to 20°81 grammes in the 
older and 2609 in the younger man. The corresponding figures per 
kilo of body weight were 0°355 grammes for the oldest and 0°380 for the 
youngest. 

(6) The weight of Carbonic Acid expired per minute is notably 
higher in the youngest man and corresponds to a proportionally increased 
amount of Oxygen consumed. 

The results obtained for the inhalation of air containing an excess 
of CO, may be expressed as follows: 


(1) The proportion per cent. of Carbonic Acid expired (calculated 
by subtracting the CO, introduced into the air inspired from the CO, 
found in that same air) was very much less than it would have been in 
ordinary respiration. These proportions amount to in my case 


Per cent. CO, Der Per cent. CO, expired from 
expired — blood when (air and 


1 5°12 3°54 2°66 

2 5:12 2°53 3°32 

3 5:14 4°06 2:17 
mean 5°13 3°38 


1. 5°69 3°79 2-76 
2. 5°51 3°91 2°55 
mean 5°60 3°85 2°65 


It will therefore be seen that about half the CO, that would have 
been expired in natural breathing has been retained in the body. Of 
course this is assuming no CO, has been absorbed directly at the lungs. 
Hence there must be a very great accumulation of CO, in the blood 
when air containing CO, is inspired. 

(2) The proportion of Oxygen in 100 of air expired, exhibits a 
slight increase beyond its proportion in ordinary breathing. 


in Mr Russe... 
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(3) The relation between the Oxygen consumed and the CO, 
produced is very much smaller than in ordinary respiration, amounting 
to a mean of 0654 for myself and 0°567 for Mr Russell against a total 
mean of 0871 for both of us in ordinary breathing. 

(4) The volume of Oxygen absorbed per minute is greatly increased, 
my own mean amounting to 103 c.c. and Mr Russell’s to 155 c.c., instead 
of 32˙2 in my case and 37°5 in the other. 

(5) The proportion of Oxygen absorbed from the air is in creased 
in both cases from a mean of 1°39 against 0°66 and from a mean of 1°98 
against 0°75 in ordinary breathing, a corresponding increase is observed 
in the proportion of Oxygen absorbed for Oxygen inhaled. 

(6) The weight of Oxygen consumed by the body per hour is 
considerably increased, amounting to a mean in my case of 25°42 
grammes against 21°37 grammes, and with Mr Russell of 30°95 
grammes against 28°66 grammes in ordinary breathing. 

(7) The weight of Carbonic Acid expired per min. is considerably 
reduced, amounting in my case to a mean of 0°378 instead of 0°430, and 
with Mr Russell to a mean of 0°402 insteal of 0˙57 8 expired in normal 
respiration. 

Each experiment lasted about five minutes, the air being collected 
for a period of about three ; although there are but five in number, these 
suffice to shew that when air is breathed containing from 3 to 4 per 
cent. of CO,, the amount of Oxygen consumed is much greater than in 
ordinary breathing, while the Carbonic Acid expired is very much less. 
There must consequently remain in the body a considerable amount 
of Oxygen, which most probably has been transformed into CO, and 
cannot escape into the external air in the process of respiration. 


SHERIDAN DELEPINE:—1. Deposits of Iron in the liver and kidneys, 
with remarks on the demonstration of Iron in tissues. 

The object of this communication is to attract attention, 

Ist. to the importance of using certain chemical reagents in definite 
proportions and in a definite sequence, for revealing Fe in the tissues ; 

2nd. to the fact that very slight changes of composition may 
obscure the reaction given by the iron compounds (so-called free iron) 
deposited in the liver and other organs under normal and abnormal 
circumstances. 

I. I will limit my remarks to the Prussian Blue reaction, which is 
the most convenient though perhaps not the most universal in its 
application. 
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(J) Tizzoni' has recommended a fluid which is nothing else than a 
solution of Ferrocyanide of Potassium acidulated with Hydrochloric 
acid. This is a natural application of the well-known method of testing 
for Persalts of Iron. 

(2) It appeared to me that the method although good in principle 
usually suffered from the mode of its application. If a large quantity 
of Ferrocyanide of Potassium be added to a small quantity of a Ferric 
salt in the presence of an insufficient quantity of Hydrochloric acid, no 
precipitate of Prussian Blue is produced, and if the disproportion be 


sufficiently marked a pale green instead of a deep blue colour is obtained. 


If, on the contrary, to a small quantity of a Ferric salt a small quantity 
of Ferrocyanide of Potassium be added, even a small proportion of 
Hydrochloric acid will cause an abundant precipitation of Prussian 
Blue. 

The possibility of a variation in the amount of iron contained in the 
organs tested is not taken account of by Tizzoni, and the result is that 
with his fluid, tissues containing very notable quantities of iron very 
often give no reaction at all. 

(3) To overcome these difficulties it was evident that one should 
in testing for iron 

Ist. avoid any excess of Ferrocyanide of Potassium ; 

And. use an excess of Hydrochloric acid (very dilute). 

This object can be easily attained by placing the specimens tested 

Ist. in a solution of Ferrocyanide of Potassium (5 to 10 per cent.); 

2nd. in water to remove the excess of Ferrocyanide of Potassium, 
(this of course is not necessary if the solution of Ferrocyanide is a weak 
one) ; 

3rd. in a large quantity of a weak solution of Hydrochloric acid 
(0,5 to 1 per cent.), where it can be left from a few minutes to a few 
hours, 

In specimens thus prepared the iron reaction is always clear, 
provided the iron be in certain states of combination. 

II. (1) The iron may however be present and yet give a 
very poor reaction. This was first indicated to me by a case in which 


the kidneys contained a large amount of so-called free iron whilst there 
was apparently little or no trace of it in the liver. 


(2) Every one knows that preparations kept in solution of chromic 


1 Stirling, Outlines of Practical Histology, p. 243 (1890). 
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salts give the iron reaction very badly even when iron is pretty abundant 
in them, and that the same preparations kept in spirit on the contrary 
react very well. I thought that it might perhaps be possible to find 
some fluid which would free the iron still further from its organic 
connections. Weak Hydrochloric acid seems to act in this way. 
Artificial gastric juice acts more quickly still but unfortunately seems 
to remove the iron more rapidly than it does the protoplasmic elements 
of the cells. The fluid, however, which gave me the best results was a 
mixture of two parts of proof spirit with one part of glycerine. This 
fluid is also free from the objections that may on chemical grounds be 
offered against the use of Hydrochloric acid. 

(3) When preparations containing iron are left in such a mixture 
from 12 to 24 hours and then treated as described above, the Prussian 
Blue reaction is generally rendered much more distinct than it is when 
the organs are fresh from the body—this improvement continues to 
increase for one or two months, but after this the reaction remains 
stationary or possibly begins to decrease slightly. 

(4) Hemoglobin and the pigments usually associated with or 
derived from it do not seem to be altered by this treatment, in fact the 
reaction is sometimes best obtained in parts (of the liver for instance) 
which seem to be hardly pigmented at all before the application and 
action of the reagents. 

III. The series of specimens brought before the Society claims 
interest, not only on account of its demonstrating the effects of the 
methods I have just described, but also because it shews that there 
may be very distinct differences in the state of combination of 
the so-called free iron found in organs in the case I have alluded 
to (a doubtful case of Pernicious Anzmia). I question whether this 
difference could have been proved by the use of ordinary chemical 
reagents, since the weakest among them would have certainly brought 
about alterations of composition proportionally so considerable as to 
obscure entirely such minor differences as must have existed in this 
case. 
Immediately after removal of the organ from the body the kidney 
gave unmistakeable proof of its containing a large amount of so-called 
free iron. The liver gave no, or a very doubtful iron reaction. By 
leaving the organs for a few days in alcohol and glycerine, the iron 
reaction became a little brighter in colour in the parts of the kidney 
which were pigmented from the first but, what is more interesting, iron 
was revealed, and found to be abundant, in the portal zone of the liver 
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which originally seemed to contain hardly any pigment, and gave 
practically no iron reaction’. 

As it is shewn by the behaviour of the various pigments of the body 
that the more intimately iron is bound up in organic combina- 
tions the more difficult it is to demonstrate the presence of 
that metal by processes which do not imply complete breaking 
up of these compounds, it seems only logical to assume that in this 
case the iron was a little freer in the kidney than in the liver. 
As the kidney did not seem to contain any marked amount of the pale 
or colourless iron compound which after a time was found to be present 
in the liver and vice versa, it seems evident that the iron contained in 
the liver was not in the same state as that which was being excreted 
from the body by the kidney. On the other hand the pale compound 
found in the liver and capable of yielding the iron reaction after the 
action of such a weak agent as a mixture of alcohol and glycerine was 
evidently an intermediate product between those colourless 
albuminates which do not yield the iron reaction before their 
organic connections have been artificially broken up, and 
those looser compounds which are found accumulated in the 
liver a certain number of hours after a meal or in certain 
diseases (such as pernicious anzmia). 


2. On a New Method for demonstrating Glycogen in the Liver, and 
studying its distribution in Lobules and Celis. 


Every one. knows that Glycogen being soluble in water, some 
uncertainty attaches to all the methods in which watery solutions of 
iodine are used for the demonstration of this material or for the 
hardening of the specimens. (For this last reason the Osmic acid 
method is objectionable, however valuable it is for other purposes.) 

Owing to the great conflict of opinions regarding the form under 
which the glycogen is deposited in liver cells, it seemed to me that it 
would be advantageous to improve the methods now in use. I therefore 
hardened small portions of liver in large quantities of absolute alcohol, 
embedded them in celloidin’, then treated them with solutions of iodine, 


1 In the kidney the body containing iron was in the form of brownish yellow granules 
Auite distinct even before the application of the Prussian Blue test. 

2 This remark applies only to the solution in water. The use of Osmic acid vapours I 
have found so limited that I have abandoned it whenever the distribution of any structural 
element is in question, 

Paraffin can be used instead of celloidin, but celloidin is not so liable to alter the 
cellular structure as paraffin is. 
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in glycerine, alcohol, chloroform and oil of cloves, I soon found that 
the preparations kept in Iodised glycerine although good at first soon 
faded unless the volatilisation of iodine were entirely prevented, and 
that those treated by solutions of iodine in alcohol, chloroform or oil of 
cloves retained but little trace of the reaction after they had been 
mounted in any solution of Canada Balsam. 

I therefore prepared a solution of iodine in Chloroform—Canada 
Balsam, and found that very clear and permanent results could then be 
obtained by simply placing the preparations after dehydration in that 
fluid and only after a time covering. Better results still are obtained 
by washing the preparations with a solution of iodine in chloroform, 
after dehydrating with alcohol and clearing with oil of cloves. In such 
a case, it is important not to let the iodine solution evaporate before 
adding the Canada Balsam. The distribution of glycogen granules 
in the cells and of cells laden with glycogen in the lobules can be 
studied with much greater accuracy in preparations obtained by this 
method than in any other I am acquainted with. (Results obtained by 
means of this method will be found in a communication which will be 
soon brought forward by Dr Lauder Brunton and myself.) I need 
hardly say that the same method is applicable to the demonstration of 
Lardacein in tissues. 


J. Berry Haycrart:—On the Estimation of Uric Acid: a reply to 
criticism of the silver method. ° 

I published in the British Medical Journal, Dec. 12th, 1885, a method, 
invented by me, for the easy yet accurate estimation of Uric Acid in 
the Urine. This method consists in precipitating the uric acid as a 
silver salt, estimating the silver, and calculating the uric acid from it 
(168 uric acid to 108 silver). ; 

As no process was then invented the accuraey of which could be 
relied upon, I tested my method with weighed quantities of uric acid | 
(which is after all the only straightforward way of working), adding 
a weighed quantity of uric acid to one of two samples of the same urine, | 
and finding by my method a difference in the total uric acid of the two 
samples equal to the quantity added. Hermann’ subsequently confirmed 
my work in nineteen very careful double analyses and Czapek at : 
Professor Huppert’s suggestion has introduced a modification of it, while 
Camerer's“ results run on parallel lines. 


1 Zeitsch. f. physiol. Chemie, Bd. XII. 8. 496. } 
2 Zeitsch. f. Biologie, Bd. XXVII. 8. 113. f 
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My results have however been adversely criticised by Professor 
Salkowski, whose remarks, coming from a chemist of European reputa- 
tion, require most careful attention. This observer, as long ago as 1872, 
affirmed that uric acid and silver unite in inconstant proportion and 
that in consequence the silver is not an index of the uric acid present, 
and in 1889 he and his colleague, Prof. Jolin, reaffirmed the same thing, 
concluding that my own, Hermann’s and Czapek’s results are faulty 
and my method unreliable. 

I was for some time unwilling to take up the controversy where 
Salkowski had left it, for certain of the care with which my own work 
had been done, I was quite willing to let the matter be settled by other 
and less prejudiced persons, especially as such persons seemed willing 
enough to undertake the task. Since Salkowski’s criticism appeared 
in 1889 1 have been frequently written to as to the accuracy of my 
method, and feeling responsible for the loss of time entailed on the part 
of those who were using it, should it eventually prove unsatisfactory, 
I felt it my duty to look into the matter again. I was I confess very 
pleased to find that Prof. Salkowski has made a very fundamental 
mistake in the interpretation of his own results, which really are 
completely in accord with my own views of the matter. I have very 
fully entered into the question in a paper which will I hope appear in 
the May Number of the Zeitsch. f. physiol. Chemie, so that the actual 
details may there be sought for; I will here only indicate in a general 
way the nature of Salkowski’s mistake. 

In the first place he estimated the uric acid by his own method, one 
which he had never tested with pure salts, for he had simply compared 
it with the obviously inexact method of Heintz, which method could 
not therefore be taken by him as a standard for comparison. Where 
with his own untested method he found Y quantity of uric acid in a 
precipitate containing X quantity of silver he illogically assumes that Y 
is the quantity of the acid actually present. In more than two dozen 
analyses he finds that A is not in a constant ratio to F, and hence 
he attirms that the supposed urate of silver does not exist as a compound 
of definite composition. Salkowski unfortunately did not arrange his 
table of results, beginning with the urine containing least uric acid and 
ending with that which contained most. If he had done this he could 
not have failed to observe that in the weak urines the proportion of uric 
acid to silver was uniformly less than in the strong urines, and this 
would have struck him as a very curious fact, which had to be explained. 
If moreover he had calculated the uric acid from the silver and 
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subtracted the uric acid he found by his own method, he would have 
found in each case a very constant difference of about 14 milligrammes 
per 100 c.c. urine. 

What Salkowski's and Jolin’s twenty-four analyses shew is simply 
this, that about 14 milligrammes less of uric acid is found by the 
Salkowski than by the silver method, and it will at once be seen that 
in a weak urine this loss is a considerable percentage of the whole, and 
will make the equivalent of the silver high in comparison to the uric 
acid ; this operating to a less and less extent when dealing with stronger 
urines. 

This is how Salkowski obtains the very extraordinary result that 
the ratio is an inconstant one: and in illustration of this I will quote 
two analyses which he gives at the end of his paper, omitting the rest of 
the evidence: I have added column 3. 


1 2 | 3 | 4 
Uric acid caleu- Uric acid found Ratio between sil 
No. | jated from silver (Salkowsk i) | Difference 
1 0756 0556 19°1 3°99: 3 
2 0938 0757 | 18-1 3°66 : 3 


Salkowski says:—‘Das Aequivalentverhaltniss zwischen Harn- 
siure und Silber berechnet sich aus Versuch i. 399: 3, aus Versuch 
ii. 366: 3. Auch diese Bestimmungen bestätigen also lediglich 
meine früheren Augaben.“ 

It is obvious however that these two analyses demonstrate a most 
constant difference between the uric acid found, and that calculated 
from the silver (the difference is more than 14 milligrammes, a larger 
quantity of urine having been used) and the whole of the difference in 
the equivalent ratios in column 4, are due to the fact that the original 
quantities of uric acid are different. 

The argument that the silver and uric acid are not found in constant 
proportion not only falls to the ground, but Salkowski’s and Jolin's 
analyses lend active support to this very fact, for were it not so the 
constant deficit by Salkowski’s process could not be accounted for. 

The sole argument against the silver estimation is therefore not a 
valid one, and this method when tested by Hermann, Czapek and by 
me, using pure salts, is found to be highly satisfactory, and where 
Ludwig’s method, an improvement on Salkowski, is compared with 
my own, the average difference between them is reduced from 14 to 3 
milligrammes. Mr Gossage has criticised my method in the Pro- 
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ceedings of the Royal Society and elsewhere, and gives five estimations 
for the purpose of comparing my method with that of Salkowski’s. 
He adopts Salkowski’s conclusions, and considers that his own results 
prove their truth. They may otherwise be interpreted. As his work is 
an exact repetition of Salkowski’s, we may strictly compare the results 
obtained by them both, and if we do so we shall see that Mr Gossage 
finds that the average difference between Salkowski’s and my own 
methods is 32 milligrammes per 100 c.c. urine, or a quantity greater than 
that ever obtained by Salkowski or Jolin in their twenty-six analyses. 


If we are not willing to doubt the manipulative dexterity of the latter 


chemists the conclusion is obvious. 


Demonstrations were also given by J. N. LANGLEY, E. . HANKIN, 
and C. S. SHERRINGTON. 
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OxFORD. June 20th. 
Excitatory Electrical Change in Muscle. 


J. BurRDON-SANDERSON and F. GotcH demonstrated a method of 
ascertaining the E.M.F. of the electrical response to a single indirect 
excitation of a muscle. 

The purpose of the demonstration was to show that in the gastro- 
enemius of the frog, the E. M. r. of the ‘ action-current’ in the uninjured 
muscle far exceeds that of the ‘demarcation-current’ after ‘thermal 
section.’ A series of experiments relating to the subject were made in 
January and March, 1889, and in December, 1890. They were intended 
first, to determine the time-relations of the electrical change which 
follows an instantaneous indirect excitation, and secondly, to determine 
the EMF, of that change. The demonstration shown related to the 
second of these points only. 

The method is as follows :—The current, of which the E. M. F. is to be 
measured, is led off by electrodes applied to the middle and distal tendon 
of the muscle (gastrocnemius or sartorius), which is excited through its 
nerve, in which case the middle contact becomes negative to the end 
contact during the first phase of the response. In the gastrocnemius at 
15°C., the electrical effect culminates about 0°006 sec. after excitation 
of the nerve. 

It having been ascertained by one or two trial observations, that 
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this is the case in the particular muscle to be used, the galvanometer 
circuit is closed by the spring rheotome from 0:005 seconds to 0°0075 
seconds after excitation of the nerve. The resulting deflection having 
been noted, successive observations are made in which currents of 
various but known E.M.F. are led, during the period above indicated, 
through the galvanometer circuit from the compensator in a direction 
opposed to that of the first phase. After a few trials a strength of 
current is found at which the needle remains stationary. The maximum 
E. M. F. of the first phase of the response is not less than the k M. r. of the 
balancing current required to obtain this result, how much greater 
cannot be stated. | 

The authors find that in winter frogs the E. M. F. of the demarcation- 
current does not exceed 0°05 D., but that the mean E. M. r. required to 
balance the action-current during the period above specified (first phase 
of the response) is about 0°08 D. and may amount to 001 D. In the 
sartorius this mean is usually rather less than that of the demarcation- 
current, but in some cases may exceed it. 

It is to be borne in mind that the mean E. M. F. of the first phase 
during the whole period investigated (0°005—0-0075 sec.) is much 
inferior to the E.M.F. at the moment of culmination. Assuming that 
under the conditions of the observation, the forces acting in opposite 
directions upon the needle are equal, it is evident from the maximum 
measurement obtained, that even in the sartorius the E. M. F. of the 
response is greater than that of the demarcation-current. The electrical 
response, or action-current, cannot therefore be regarded as a ‘ negative 
variation’ in the sense in which that expression was used by Prof. 
du Bois-Reymond. | 

The authors’ measurements give, in vigorous muscles, the following 
average amounts: 

Gastroen. Sart. 
E.M.F. of action-current 0084D. 0025 D. 
„ „demarcation- current 0°04 DP. 0029 D. 


A 
A. D. WALLER :— 
I. A new colowr-contrast experiment. 


Meyer's experiment on colour-contrast, He]mholtz’s interpretation 
of the experiment, and Hering’s recent criticism of the interpretation 
are presumably within the recollection of all physiologists, most of whom 
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will probably have admitted that the particular interpretation offered 
by Helmholtz has been fully disproved. 

The following modification of the experiment seems to me however 
almost demonstrative of the influence of judgment in the determination 
of a contrast effect do not say however of its exclusive influence. 

A narrow strip of grey paper on a white card ; two rectangular pieces 
of coloured paper abutting upon the middle third of the grey strip; 
a tissue-paper cover ; a point of fixation to obviate wandering of the eye 
and successive contrast ; two pins or wires stuck in a cork at a distance 
equal to the length of the middle third of the grey strip. According to 
the dimensions of the various parts and the intensity of illumination, 
the grey strip seen through the tissue-paper appears of uniform tone in 
its whole length, or it may be slightly tinged by the complementary 
tone, especially in the middle. But if the pins are brought across the 
grey slip so as to limit the middle from the upper and lower thirds, that 
portion very evidently takes the complementary tone, while the tone of 
the upper and lower thirds less evidently approximates towards that of 
the inducing colour. The main effect is this very evident change of the 
middle third on the introduction of the demarcation lines formed by the 
two pins; lines of any kind on the tissue-paper answer equally well, 
but the pins are convenient for putting the demarcation on and off; 
the complementary effect “springs up” into evidence with the demarca- 
tion, and “melts away” with its removal; the secondary complementary 
effect in the upper and lower thirds of the grey slip comes and goes 
in a similar manner but is much less obvious. Many observers fail to 
see it at all, although they may be able to e 200 that there is a 
difference of brightness’. 

‘It need hardly be said that this is an entirely different change from 
that mentioned by Helmholtz as resulting from the marking out of 
the limits of a grey patch on coloured ground under thin paper. In 
this case the complementary tint of the patch is diminished, in the case 
above described the complementary effect is brought out. 

The simplest verbal explanation of the effect seems to be that 
whereas without the demarcation lines the evident continuity of the 
grey slip is an item of sensory information against the complementary 
effect, with these lines this informing item is weakened or lost. This 
is an interpretation in “psychological” terms; whether or no it is 
convertible into “physiological” terms, is more a question of dialectics 
than of fact. 


1 J have not yet succeeded in bringing the after-image under observation with sufficient 
clearness and accuracy to be able to say anything definite as to a difference in the simul- 
taneous after-effects with and without demarcation lines. 
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The ambiguous connotations of the expression “ misdirection of judg- 
ment” (urtheilstauschung) play a very large part in contrast controversies’. 
I have used the term, as is usual, in an almost meaningless sense, that 
is to say without wishing to imply adhesion to a psychological or to a 
physiological theory. Judgment or inference is the resultant of compared 
sensations ; all sensations have presumably the material alteration of an 
unknown substance as their cause, and the use of psychological terms 
does not imply that these hypothetical physical changes are ignored or 
denied. It is well however to use such terms sparingly and carefully, 
and to think as far as possible in terms of physical changes. But there 
are many psychical phenomena which can be placed and studied under 
experimental conditions, and which for translation into the terms of a 
physical hypothesis make demands upon the imagination in excess of 
what may legitimately be granted in our present state of positive 
knowledge. Phenomena of this character are more simply described in 
psychological terms, than prematurely forced into the verbal patterns 
of any material theory. But I think it necessary expressly to state 
that I use such terms in no anti-physical sense, but in a literally 
meta-physical sense—meaning by metaphysical as applied to any 
phenomenon, that its physical ratio has not yet been discovered, and 
not implying any assertion that such ratio will or will not be proved to 
existe 

This is no digression but an essential explanation of my meaning, 
which is that the experiment above described fits better into the verbal 
form of Helmholtz’s “psychological” theory than into that of Hering’s 
“physiological” theory. I have therefore preferred to interpret it 
provisionally in meta-physical terms; but I am quite prepared to 
admit that in this particular case, as in many others, the “meta” may 
be wiped out by a more exact analysis in terms of material change. 

Whenever ground is entered upon entailing a comparison between 
the views of Helmholtz and of Hering, the overlapping of psycho- 
logical and physiological interpretations, the equivalence of many terms 
and descriptions given in the two languages, the arbitrary character of 
the distinction drawn between the two classes of phenomena, press them- 
selves upon our attention and almost create the impression that there is 
little real difference, that the two views exhibit the phenomena in comple- 
mentary aspects. There are however very fundamental differences of doc- 
trine. Helmholtz draws a line between simultaneous and successive con- 


1 Cf. Pfliiger’s Archiv, xxxvu. p. 520; XXI. p. 159; xu. p. 8323; XII. p. 91. 
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trast, placing successive contrast on the physiological side in terms of 
material alteration, but simultaneous contrast beyond the pale in terms 
of psychical interpretation; Hering draws no line at all, but places 
both phenomena on a physiological basis, and tacitly if not expressly 
implies that all psychological phenomena are the subjective symptoms 
of material changes. To most physiologists this is a truism, but one 
which need not forbid us to rank as “ psychological” those psychological 
facts the physical basis of which it may be found difficult to conceive, 
and I cannot admit that to do this is to commit an act of “spiritualism,” 
as Hering reproachfully writes. 

| Sharply formulated, the Helmholtz-Hering difference of view 
appears to be to the following effect:—Helmholtz considers that there 
is no direct modification of the material sensificatory data by each other, 
but a variation of inference affecting all the data coming within the 
field of perception whenever any one of these data varies in quantity 
or quality. Hering considers that each material sensificatory datum 
diffuses beyond its precise locus of incidence, and that it directly 
modifies contiguous sensificatory data. According to Helmholtz the 
data remain objectively constant but theif subjective effects play see-saw 
in perception. 

In attempting to form an opinion as to which of these two modes 
of view is the more applicable to the phenomena, I think that a very 
significant indication may be drawn from the analysis of an experiment 
which is in many other respects a ground-datum in experimental psycho- 
logy. As is well known, a variety of figures or objects may appear to us 
either in relievo or in intaglio. More than this, it is possible by volun- 
tary focalisation of attention, to see at will a given transparent object 
(e.g. a crystal).in either manner. Still further—and this is the point to 
which I wish to arrive—it will be found that if by a voluntary focalisa- 
tion of attention, a transparent object is seen in a fictitious manner, 
sensificatory data which remain objectively constant, share in the infer- 
ential distortion. We can wilfully persuade ourselves of a fictitious 
phenomenon by focalising deceptive data to the exclusion of corrective 
data, and finally, having formed our fiction, we may consistently use 
objective data in further distortion of the real phenomenon. 

This cerebral event may be realised and illustrated by a very simple 
experiment 

Take a cylindrical beaker or lamp-glass, and holding it erect look at 
it so as to see into the top; close one eye and imagine the proximal 
opening to be distal; when this representation has been successfully 
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formed, it will be noticed that the cylindrical vessel, which appears 
cylindrical when seen in its real position, appears conical in its unreal 
position. In the erroneous inference certain sensificatory data—i.e. the 
retinal magnitudes of the images of the two ends of the cylinder—have 
not altered, but the inference from these unvaried data has been modi- 
fied in congruity with the fictitious inference otherwise formed. Here 
then a sensificatory datum is not directly modified by its neighbours, - 
but it is indirectly modified in the general perceptive inference. 


Helmholtz. 


Hering. 


” 


v. Kries. 
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II. A possible part played by the membrana basilaris in 
auditory excitation. 

This limited title has been substituted for the more comprehensive 
title “a new theory of auditory excitation” in consequence of the fact 
that Rutherford has offered a theory of very similar purport to that 
which I am about to sketch. The title as it stands denotes however 
what I regard as a main point of hypothesis, which in fact was the 
point starting from which I came to a position similar to that of 
Rutherford. Regarding the membrana basilaris as a narrow sickle- 
shaped membrane (about 25 mm. long, increasing from a breadth of 
about % mm. at the base to about 4 mm. at the apex of the cochlea) 
which carries upon its upper surface a field of hair-cells overlaid by the 
membrana tectoria, the idea suggests itself that this membrane is an 
internal membrana tympani repeating in miniature the minute vibra- 
tions of the external membrana tympani and stapes, thus producing 
auditory excitation by mode of what may be termed pressure-patterns 
of the hair surface against the membrana tectoria. 

This was the starting-point, and in casting about for an analogy, a 
telephone membrane at once presented itself as the most familiar object. 
This telephone comparison has in fact already been made by Ruther- 
ford and contrasted with what may be shortly referred to as the piano 
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theory of Helmholtz. Whereas on the latter theory, compound vibra- 
tions are analysed and their components picked up by individual radial 
fibres of the basilar membrane, on the former theory compound vibra- 
tions are not analysed at the periphery but reproduced “tels quels” by 
the entire membrane. Examining the weight of evidence brought up 
in support of the consonation theory, viz. the observations of v. Hensen 
on the auditory organs of crustacea, and those of Baginsky on dogs with 
partial destruction of the cochlea, I think we must admit that the con- 
sideration of alternative theories is not excluded; and although no 
experimental evidence can at present be offered in favour of the pressure- 
pattern theory which I have briefly sketched, I have ventured to give 
expression to it in the hope that some possible mode of examination may 
be suggested, and in the belief that it at least adds concreteness to the 
comparisons often made between visual and auditory excitation. 


Helmholtz. Tonempfindungen, 1870. 

v. Hensen. Hermanns Physiologie, Vol. 11. 2. p. 108. 

Moos and Steinbrugge. Stach. /. Ohrenheilke, x. 1880. 

Baginsky. Sitzungsber. Berlin, 1883. 

Rutherford. The Sense of Hearing. Brit. Assoc. 1886. 

Hermann. Theorie d. Combinationsténe.” Pfliiger’s Arch. 
XIIX. p. 499. 


Temperature and Excitability. 


F. Gorch demonstrated experimentally that when the nerve of 
a muscle nerve preparation (Frog) is excited by the closure of a galvanic 
current of such intensity as to evoke a minimal muscular response at a 
temperature of 17°C. the response becomes maximal if the temperature 
of the nerve at the seat of excitation is lowered to 7° C., and on the other 
hand disappears when the temperature of the nerve is raised to 27°C. 
The alterations in temperature were effected by allowing the nerve to 
rest in the moist chamber upon a thin walled glass tube through which 
water was allowed to flow. The exciting current was led through the 
nerve by means of non-polarisable electrodes and its intensity was 
graduated by means of a rheochord. The closure was produced by 
a revolving key the rate of rotation of which was during any experiment 
kept constant. | 

The above demonstration was selected as a simple instance of a 
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series of experiments, forming the preliminary stage of an inquiry into 
the general relations which exist between the temperature of an 
excitable tissue and its excitability, as tested by means of electrical and 
other stimuli. 

The following general facts as to nerve excitability in the frog were 
detailed as the results of the investigation. 

(1) ‘The well-known result that when a single induction current is 
used as a stimulus the response of the muscle to the excitation of the 
nerve is favoured (ceteris paribus) by a rise in the temperature of the 
latter up to 25 or 30°C. and is accordingly disfavoured by a fall. 

(2) When a galvanic current of extremely short duration rohe is 
used for stimulation, the response is similarly favoured by a rise in the 
temperature of the nerve at the seat of excitation. 

(3) When a galvanic current of ;4,” duration or longer is employed 
for excitation, the relationship is reversed and the response is favoured 
by a fall of temperature even as low as 5˙ C. | 

(4) If the character of the response is a true index under the 
experimental conditions employed of the excitability of the nerve, then 
it would appear that the excitability is heightened for one form of 
stimulus (induction and short galvanic current) by a rise of temperature, 
whilst for another form, galvanic currents of The duration and over, it 
is heightened by a fall of temperature. 

(5) The increased susceptibility of the preparation to stimulation 
by galvanic currents of long duration, when the temperature of the nerve 
is lowered, is shown whether the make or the break nerve excitation and 
its muscular response is used as an index. 

(6) With mechanical stimulation of the nerve the excitability is 
increased by cooling provided that the form of stimulus used 
(Tigerstedt’s hammer) is such as to allow of an interval of 3” between 
each blow and to ensure that the blow should be so slight as not to 
materially injure the nerve. 

(7) With chemical stimuli constant results have not as 50 been 
obtained. 

(8) The change from apparently increased excitability in the cooled 
nerve with stimulation by means of galvanic currents lasting d or 
over, to decreased excitability under similar conditions with stimulation 
by means of similar currents lasting rh or under, is now being investi- 
gated with more precision. The results of the first series of experiments 
with the method employed was then communicated by Mr Gotch. 

The investigation was carried out in conjunction with Mr E. B. 
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Titchener of Brasenose College, Oxford, the method used being the 
following : 

I The spring rheotome (Federmyographion) was employed in order to 
ensure a closure of the galvanic current for a definite period. Unipolar 
action was guarded against by the use of two well insulated keys, 
one closing, the other breaking two platinum contacts. Each was a 
twin key, the two halves being insulated and independent, but acted 
upon by the traveller of the rheotome at the same instant. The keys 
were introduced into the primary circuit of the rheochord so that both 
battery terminals were disconnected before the make of the twin closing 
keys, and after the opening of the twin break keys, these two operations 
being effected in succession with each passage of the traveller. The rate 
of movement and the limits of adjustment of the distance between 
the keys allowed of a closure varying in duration as desired from z 55 
to +; of a second. 

The nerve of the preparation was kept alternately at a temperature 
of 15° and 25°C. and a series of experimental observations at these 
temperatures only were made partly in the winter and partly in the 
summer upon R. temporaria. 

The results showed that an intensity of current which evoked no 
response at 15°C. evoked one at 25°C. when the closure lasted only 
1b. On the other hand that an intensity of current which evoked a 
marked response at 15°C. evoked none at 25°C. when the closure was 
thy’ up to +”, the limit of the instrument. 

In order to determine the character, whether abrupt or gradual, of 
this reversal in the relations of temperature to excitation by currents 
of robo and o respectively, the period intervening between the two 
was now investigated. 

It was found advisable to select three definite periods of * and 
examine each at some length owing to the apparently capricious 
character of the result; the three periods selected were 0025”, 005” and 
0075“. 

The resultant effects may be grouped into three classes : (A) those in 
which the preparation responded at the higher temperature, and not at 
the lower; (B) those in which under precisely similar conditions it 
responded at the lower and not at the higher; (C) those in which it 
remained unaffected by either rise or fall in temperature. 

A glance at the subjoined table will show the extent to which after 
frequent repetition of the observations with several distinct muscle 
nerve preparations, the three classes were represented : 
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Period of closure Number of times in which the 
of current preparation responded as 
in A in B in C 
0025” 73 42 46 
005” 24 40 40 
0075” 2 36 none 


The inference which is to be drawn from this first series of results is 
that there is no abrupt transition, but that whilst the results are 
capricious, they tend towards the very short closure effect A, with the 
shorter period investigated, and towards the long closure B, with the 
longer period. 

This preliminary result of work at present in progress seems to 
indicate that one of the fundamental characteristics of nerve excitability, 
is in relation with two different factors. 

Apart from this two considerations are suggested by the results; 
the first is that the conditions underlying excitability appear to differ 
from those which underlie propagation, since the latter whatever may 
be the stimulus is always favoured by rise of temperature up to 30°C.; 
the second that the indirect response to excitation by the constant 
current is not comparable as to its time of development with that 
evoked by the excitation of induction currents. 7 

These will it is hoped form the subject of more extended research, 
the results of which will be brought forward later. For this reason 
also no reference is made at this stage to the work of Hering and 
Biederman upon nerve and of Gad and Heymans upon muscle. 
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